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ABSTRACT 
C h l o r o s u l p h a t e s of d i v a l e n t t i n and l e a d have been s y n t h e -
s ized by the s o l v o l y t i c r e a c t i o n s of t i n ( I I ) c h l o r i d e , l e a d ( I I ) 
c h l o r i d e as wel l as of l e a d ( I I ) a c e t a t e wi th c h l o r o s u l p h u r i c a c i d , 
where HSO-Cl i s a c t i n g both as c h l o r o s u l p h o n a t i n g agent and the 
medium for c h l o r o s u l p h o n a t i o n . These meta l c h l o r o s u l p h a t e s have 
been c h a r a c t e r i z e d on the b a s i s of e l e m e n t a l a n a l y s i s , conduc to-
met r i c and IR s p e c t r a l s t u d i e s . The r e s u l t s of the e lementa l 
a n a l y s e s of these c h l o r o s u l p h a t e s sugges t t h e i r composi t ion as 
M(S02C1)2 (M= Pb, Sn ) . The bands o b t a i n e d i n the IR s p e c t r a of 
these compounds i n d i c a t e a p o s i t i v e s h i f t i n symmetry SO^ s t r e t c h . 
V i b r a t i o n \ ) , (A) with the s p l i t t i n g of doubly degenera te V 4 ( E ) » 
VtCE) and '\) AE) v i b r a t i o n s sugges t i ng the e x i s t e n c e of c o n s i d e r -
able c a t i o n - a n i o n i n t e r a c t i o n . The observed low magnitudes of 
l a r c o n d u c t i v i t i e s of one m i l l i m o l a r s o l u t i o n s of these s a l t s i n 
t h y l c y a n i d e suggest n o n - i o n i c na tu re and suppor t the c o v a l e n t 
bonding of the c h l o r o s u l p h a t e group to the meta l i o n s . 
Complexes of metal b i s ( c h l o r o s u l p h a t e s ) M(S03C1)2 (M= Sn, 
Pb) with l i g a n d s having s t r o n g , b a s i c . d o n o r s i t e s v i z . , p y r i d i n e , 
2 , 2 ' - b i p y r i d i n e , a c r i d i n e and methyl cyanide have a l s o been 
s y n t h e s i z e d . The r e s u l t s of the e l e m e n t a l a n a l y s e s cor respond to 
the compos i t ion ML.(S03C1)2 ( 1 : 4 , m e t a l : l i g a n d for L= CH^CN and 
p y r i d i n e ) and ML2(S03C1)2 ( 1 : 2 , m e t a l r l i g a n d for L= 2 , 2 ' - b i p y r i d i n e 
mo 
me 
(v i ) 
and a c r i d i n e ) . These complexes have been fur ther charac te r ized by 
recording t h e i r IR spec t ra . The IR spectra exh ib i t bands ass ign-
able to those a r i s ing from c h a r a c t e r i s t i c chlorosulphate group 
v ib ra t ions as well as those a r i s ing from coordinated l igand mole-
cu les . 
The behaviour of iodine and i t s compounds KI and HIO^ has 
been studied in chlorosulphuric acid so lu t ion containing a known 
concentra t ion of Br^, with a view to studying the mode of ion iza -
t ion and the redox-reac t ions in presence of an oxidizing agent. I t 
has been observed tha t the addi t ion of l2» KI or HIO^ in t h i s solu-
t ion r e s u l t s in an abnormally sharp r i s e in the conduct ivi ty of 
solut ion compared with tha t observed for t h e i r so lu t ions in neat 
HSO-Cl, i nd i ca t ing tha t the ca t ion , IBr2 i s produced by the i n t e r -
act ion of Br^ with I^ being generated by the so lu tes in the solu-
t i o n . The lowering in the experimentally observed y-values ( i . e . 
Y= 1.76, lo84 and 0.640 for I2 , KI and HIO3 respec t ive ly ) from 
tha t expected ( i o e . , Y= 2 .00, 2.00 and 1.00 respec t ive ly) may 
e i t h e r be due to the exis tence of ion-pa i r formation in the solu-
t ion or due to the solvent repress ion at lower concentrat ion of 
the so lu t e . 
The appearance of the c h a r a c t e r i s t i c band a t 470 nm in the 
UV-visible spectra of the so lu t ions i n d i c a t e s the formation of the 
ca t ion , IBr2. 
( v i i ) 
The successive addi t ion of BT2 in the s t a r t i n g solut ion 
containing I2 and HIO3 in a mole r a t i o l2/HI03= 2.00 exhibi ted an 
abnormally sharp r i s e in the conduct iv i ty of the solut ion which 
continues upto the mole r a t i o of Br2/(2X2+1^103)= 5.00. The observed 
average y-value of the end point so lu t ion (Y= 7,60) and the UV-
v i s i b l e spectrum are cons i s t en t with the formation of IBr^ ca t ion 
in t h i s so lu t ion too . The absorpt ion band c h a r a c t e r i s t i c of IBr^ 
ca t ion may reasonably be assigned to tha t a r i s i n g from 
HOMO(nj) > LUM0(o *i_y) t r a n s i t i o n . 
The r eac t ion of M2HgI. with excess of HS0-,C1 affords 
M2[Hg(S03Cl)4] (M= K, Cu). However, the r e a c t i o n s of K2HgI^ with 
s to ichiometr ic amounts of HSO^Cl i . e . , i n 1:3, 1:2 and 1:1 molar 
r a t i o s y ie ld K2[Hg(S03Cl)^l4_^] (n= 3, 2 and 1 ) . In another se t 
of r eac t i ons tetraethylammoniumiodide was reac ted with 
Cu2[Hg(30301)4] in dichloromethane affording (Et4N)2[Hg(30301)212] 
and [Cu(303Cl)]y. These compounds have been charac te r ized by 
elemental ana lys i s , conductometric, IR and e l e c t r o n i c spec t r a l 
s t u d i e s . The bands observed in the IR spectra of these compounds 
have been assigned by comparing with t ha t repor ted for CSSO3CI 
(where the 30301" group has a C3 symmetry). The nature and pos i -
t ion of bands in the IR spectra of a l l these compounds are i d e n t i -
ca l suggesting the formation of s imi lar species with most l i k e l y a 
+2 t e t r ahed ra l geometry about Hg ion . The nature of these compounds 
has been fur ther ascer ta ined by conduct iv i ty s tud ies in DMSO and 
CH3CN. The observed magnitude of molar c o n d u c t i v i t i e s are 
( v i i i ) 
cons i s ten t with the typ ica l strong 2:1 e l e c t r o l y t e s . The e l e c t r o -
nic spectra of these compounds recorded i n DMSO and CH^ CN are 
almost i d e n t i c a l exh ib i t ing bands in the UV as well as in the 
v i s i b l e r eg ion . Following the LCAO-MO scheme proposed by Wolfsberg 
2 
and Helmholtz, the lowest energy band of [HgCsOoCl)^]" anion i s 
assigned to the t r a n s i t i o n from a f i l l e d nonbonding n - o r b i t a l to 
unf i l l ed a untibonding n* o r b i t a l ( i . e . , HOMO-LUMO). The bands in 
the u l t r a v i o l e t region are s imi la r to t h a t reported for HgiT anion 
confirming the t e t r ahed ra l geometry in the present compounds. 
Vanadium(V) oxide t r i ch lo rosu lpha te VOCSOoCl)-, has been 
obtained in the form of l i g h t green hygroscopic amorphous so l id 
when the r e a c t i o n mixture containing known amount (5 mM) of NaVOo 
in minimum amount of HSO3CI (5 ml) was ca re fu l ly poured in an 
excess of c h i l l e d dry e ther under dry ni t rogen atmosphere. The 
Compound has been charac te r ized by e l e c t r i c a l conduct ivi ty and 
magnetic s u s c e p t i b i l i t y measurements and Ifi and e l ec t ron ic spec t ra l 
s tud ie s . The e l e c t r i c a l conduct iv i ty measured in DMSO i n d i c a t e s 
the n o n - e l e c t r o l y t i c mature and the observed diamagnetism confirm 
the pentavalent oxidat ion s t a t e of vanadium in the compound. The 
e l ec t ron i c spect ra exh ib i t s trong band in the UV-region presumably 
due to cha rge - t r ans fe r from coordinated SO^Cl" group. The IR 
spectra contained bands c h a r a c t e r i s t i c of the coordinated SOoCl" 
group as well as tha t a r i s i n g from V (V=0) s t re tch ing v i b r a t i o n . 
The appearance of an add i t iona l strong band a t 470 cm" assignable 
to V (VO2) v i b r a t i o n suggests the presence of bidentate SO-^Cl" 
( i x ) 
group in 70(50301)3. The adducts V0(3O3CI)3„TPP and 70(30301)3.Bipy 
(TPP= t r ipheny l phosphine; Bipy= 2 , 2 ' - b i p y r i d i n e ) have also been 
synthesized and charac ter ized using physico-chemical methods. 
CHAPTER - I 
I N T R O D U C T I O N 
A majority of chemical reactions are carried out in 
aqueous solution. Water being one of the cheapest and easily 
accessible medium has already acquired an outstanding position 
in the study of the chemical react ions . Extensive researches on 
the character is t ic of aqueous solutions have provided enormous 
data to enable chemists to correlate the effects of variations 
in ionic strength, ion-mobility and common ions on the properties 
of aqueous solutions. However, the growing real izat ion that the 
reactions which were not feasible in aqueous solution could 
eas i ly be studied in non aqueous solvents has accelerated 
research in non aqueous solution chemistry. The study of solu-
t ion chemistry was intimately connected with acid-base behaviour, 
and non-aqueous solvents often interpreted in terms of solvent 
system conceot included the formation of solvates involving acid-
base in terac t ions . 
During the las t two decades considerable efforts have 
been made to understand how the solute-solvent interaction vary 
with solvents of widely different d ie lec t r ic constant and solvat-
ing a b i l i t i e s . The commercial ava i lab i l i ty of polar non-aqueous 
solvents which cover a wide range of d ie lec t r i c constant and 
which apparently solvate e lect rolytes to varying degrees has 
provided a new frontier for thei r u t i l i za t ion in synthesis and 
for the study of e lectrolytes in solvents other than water. The 
choice of solvents for a par t icular reaction can not be arbitrary^ 
as the influence of the solvent on the rate or course of the 
z 
r e a c t i o n can be profound and the p r o d u c t s from a given s e t of 
r e a c t a n t s can be comple te ly changed by changing the s o l v e n t . 
L iqu id ammonia and 100>< s u l p h u r i c ac id are the s i m p l e s t 
examples of non-aqueous s o l v e n t s . They have one f e a t u r e i n 
common wi th w a t e r , namely, s e l f i o n i z a t i o n o r a u t o p r o t o l y s i s 
y i e l d i n g a c a t i o n and an anion of s o l v e n t s e l f d i s s o c i a t i o n . 
2H2O V H30'*" + OH" (1) 
2H2S0^;^ ± H3SO4 + HSO4 ^2^ 
2NH3 ^ '*: NHJ + NH2 (3) 
However, there are the solvents which do not ionize in 
t h i s way and may conveniently be c l a s s i f i e d in to three groups. 
The f i r s t group cons i s t s of solvents such as carbon- te t rachlor ide 
(CCl.) and cyclohexane (^^^^2) which are non-polar , e s s e n t i a l l y 
non-solvat ing and do not undergo au to ion i za t i on . The second 
group c o n s i s t s of solvents t h a t are polar yet do not ionize to 
an appreciable ex ten t . Examples of t h i s type are a c e t o n i t r i l e 
(CH3CN), dimethylacetamide (CH3)2NCOCH3, dimethylsulfoxide 
(CH^)^S=0 and sulphur dioxide (SO^), although these solvents do 
not ionize to a s ign i f ican t e x t e n t , they are good coordinating 
solvents because of t h e i r p o l a r i t y . The p o l a r i t y ranges from 
low (SO2) to extremely high (DMSO) and they coordin^^te strongly 
to metal ion and other ac idic cen t res through t h e i r basic s i t e s 
3 
usually oxygen, sulphur or nitrogen atom. The third group of 
solvents consists of those, that are highly polar and autoioniz-
ing. They are usually highly reactive and are difficult to keep 
pure as they react with traces of moisture and other contami-
nants, brominetrifluoride (BrF^) is an example of this category. 
The interest of a group of leading solution chemists 
to investigate the formation and stabilization of cationic 
species like carbonium ions, polyatomic cations of the type NO2 
(long standing hypothetical cations considered by organic 
chemists) as well as those involving elements in lower oxidation 
state•^ "•'•^  e.g., X^J, Xg"^ , X^ "^  (X= S, Se, Te), I^, I3, ICl^, I2CI 
etc. provided an impetus to the search of such non-aqueous 
solvents whose anion of self dissociation is very weakly basic. 
As these cationic species are strong Lewis acid and can only be 
stabilized in solvents whose anion of solvent dissociation is a 
very weak Lewis base. In an effort to meet this requirement the 
strong acidic non-aqueous solvents like liquid HF, HSOoF, HSOoCl 
and lOC)j< H^SO^ were further mixed with appropriate amounts of 
SOg and antimony pentafluoride to generate a new system whose 
acidic strength was very much enhanced from their corresponding 
neat system. The acidic strength of these systems were compared 
12 13 "^^ -22 
on Hammett's scale of acidity * . These systems were found 
quite suitable for the study of the formation and stabilization 
of above mentioned cationic species. The solvent system so 
generated have been formulated as SbFc-HSO^F, SbF^-HF, SbF^-
4 
H2SO4, SbF5-3S03-HF, SbF^-3S03-HS03F e t c . and were termed as 
23 
super a c i d s by G i l l e s p i e and coworkers 
Ch lo rosu lphu r i c a c i d s o l v e n t system which concerns the 
p r e s e n t p r o j e c t be longs to the c l a s s of p r o t o n i c non-aqueous 
s o l v e n t s . I t i s one of the s t r o n g e r i o n i z i n g s o l v e n t s i n t e r m e d i a t e 
i n s t r e n g t h between s u l p h u r i c a c i d and f l u o r o s u l p h u r i c a c i d . 
Because of i t s s t r o n g a c i d i c n a t u r e , c h l o r o s u l p h u r i c a c i d has been 
found t o be ve ry u se fu l fo r t h e s tudy of the mode of i o n i z a t i o n of 
a v a r i e t y of Organic and I n o r g a n i c s o l u t e s . Since c h l o r o s u l p h u r i c 
a c i d has very low b a s i c i t y c a t i o n i c s p e c i e s l i k e carbonium ion and 
s e v e r a l polyatomic c a t i o n s which a r e s t r o n g l y Lewis a c i d s a re c a p -
ab le of e x i s t i n g a s s t a b l e e n t i t y * Although the use of c h l o r o s u l -
phur i c a c i d s o l v e n t for the s tudy of mode of i o n i z a t i o n of a 
v a r i e t y of Organic a s we l l a s I n o r g a n i c s o l u t e s have been amply 
e x p l o i t e d i t s use as a medium of r e a c t i o n as w e l l as c h l o r o s u l p h o -
n a t i n g agen t for the p r e p a r a t i o n of novel meta l and non-metal 
c h l o r o s u l p h a t e s has only r e c e n t l y been e x p l o r e d . A b r i e f review 
of the l i t e r a t u r e concern ing r e s e a r c h e s i n t h i s so lven t i s p r e s e n -
t e d i n the fo l l owing few p a r a g r a p h s . 
24 Walden for the f i r s t t ime r e p o r t e d c h l o r o s u l p h u r i c 
a c i d to be a good i o n i z i n g s o l v e n t on the b a s i s of i t s s p e c i f i c 
25 
conductance measurements. Robinson and Ciruna have c a r r i e d out 
t r a n s p o r t and d e n s i t y measurements s t u d i e s on the s o l u t i o n s of 
a l k a l i metal and a l k a l i n e e a r t h meta l c h l o r i d e s and t h e i r c h l o r o -
s u l p h a t e s in c h l o r o s u l p h u r i c a c i d . These workers have confirmed 
5 
t h a t HSOgCl undergoes s e l f - i o n i z a t i o n r e o r e s e n t e d by r e a c t i o n 
below: 
2HSO3CI : ; = ± H230301'*" + 50301" (4) 
25 These s o l u t e s behave a s s t r ong e l e c t r o l y t e s and are 
comple te ly i on i zed accord ing t o the fo l lowing g e n e r a l r e a c t i o n s ! 
MOl^ + n H S 0 3 0 1 = : i M""*" + nS03Cl~ + nHOl (5) 
M(50301)^ - M"*"" + nS0301~ (6) 
M= a l k a l i o r a l k a l i n e e a r t h m e t a l s 
n= 1 for a l k a l i me ta l s 
n= 2 fo r a l k a l i n e e a r t h m e t a l s 
25 I t has been i n d i c a t e d through conduc tomet r i c s t u d i e s 
on s o l u t i o n s of a c e t i c a c i d , benzoic a c i d , p-aminobenzoic ac id 
and p-ohenylene diamine t h a t t h e s e s o l u t e s behave as simple bases 
under going o r o t o n a t i o n i n s o l u t i o n as shown by the fo l lowing 
r e a c t i o n s : 
OH3OOOH + HSO3OI =^=0H3000H2 + SOgOl" (7) 
O^H^OOOH + HS030l3:=:0^H5000H2 + SO3OI" (8) 
H2N-0^H4C00H + 2HS0301=H3N''"-C^H4-000H^ + 2SO3CI" (9) 
H2N-C^H4-NH2 + 2HS0301= H3N"''-0^ H4-NH3 + 2SO3CI" (lO) 
6 
25 It was critically emohasizecl by Robinson and Ciruna 
that the conductivity of the solutions of the above mentioned 
solutes in chlorosulphuric acid was much greater than would have 
been expected from nornal diffusion controlled transport process. 
This difference in conductivity values have been explained by 
suggesting that most of the current in the solution is carried 
out by chlorosulphate anion (SOoCl") and/or chlorosulphuric 
acidium ion (H2SO3CI ), the ions of the self dissociation, which 
conduct by an abnormal proton transport mechanism similar to that 
found for HSOT and H^SO^ ions in sulphuric acid and SOoF" and 
+ 27 
HjSOoF ions in fluorosulphuric acid . This arises from a 
Grotthus type chains of solvent molecules. This phenomenon is 
shown diagramatically for chlorosulphate ion in figure given 
below: 
0\ CI 0\ CI 0>. /CI Ov. .CI 
^ s / ^ s ^ ^ s ^ ^ s - ^ 
0^ 0-H 0^ 0-H 0 O-H 0^ 0 
Ov^  /CI 0\ /CI 0 ^ CI Ox. XI 
^ s ^ ^ s - ^ ^ s ^ ^ s ^ 
0^ 0-H 0^ 0-H 0 0 H-0 ^ 0 
0^^ XI 0>. CI 0>. ^ C l 0\^ ^ C l 
0 ^ ' V H - — d ^ % - H-O'^ ''^ 0 H-O-^X 
Fig. 1: Grotthus Proton Transport Mechanism. 
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The t e t r ach lo r ide s of selenium and te l lu r ium have been 
shown to ionize in HSO3CI producing MCl^  (M= Se and Te) according 
to the following react ion : 
MCI4 + HS03Cl==MCl3 + SO3CI" + HCl (11) 
(M= Se, Te) 
The behaviour of a large number of d i f fe ren t type of 
Organic and Inorganic so lu tes have been studied by Zaidi and 
28 Siddiqi with a view to inves t iga t ing t h e i r modes of ioniza t ion 
and formation of s table ca t ion ic species in HSO3CI on the bas is 
of conductometrie, UV-visible and NMR spectroscopic s tudies on 
so lu t ions of a few subs t i tu ted u reas , ca rbaz ides , carbazones and 
t h e i r thioanalogues in HSO3CI. I t has been concluded tha t a 
complete protonat ion occurs a t O/S atom of the carbonyl, 
thiocarbonyl group followed by an incomplete or p a r t i a l protona-
t ion a t ni t rogen atoms of the amide group. 
I t has been shown tha t contrary to the claim of Hart 
29 
and Fish , t r ichloromethyl , mesitylene and other t r i c h l o r o -
methyl polymethyl benzenes do not y ie ld ex t ra -o rd ina ry d ipos i t ive 
carbonium ion in 100^ H^SO^, HSO^F and HSOoCl. These compounds 
r a the r ionize to give monopositive chlorocarbonium ions. I t has 30 been shown in these l a b o r a t o r i e s t ha t hexa chloro p-xylene 
y ie lds a d ipos i t i ve ion given below. 
8 
0120"^  // ^N +CCI2 
Fig. 2 
This is stabilized by only one benzene ring. It has been shown 
that contrary to the earlier claims that sulphenium ions are not 
formed by the reaction of benzene sulphenium chloride C^H-SCl but 
the compound is protonated in H^SO. and HSO^Cl. 
The oxycationic species of antimony and bismuth i.e., 
+ + ^^ 
SbO and BiO are reported to be formed when their corresponding 
trioxides as well as oxyhalides undergo ionization in chlorosul-
phuric acid. Their mode of ionization has been represented by 
the following general reactions: 
M2O3 + 3HS03C1 = 2M0S03C1 + H2SO4 + HCl 
M0S03C1^=^M0'^ + SO3CI"" (12) 
MOX + HS03C1=:M0S03C1 + HX 
M0S03C1:^=^M0'*' + 80301" (13) 
M= Sb or Bi 
X= CI, Br or I 
The d i s s o c i a t i o n c o n s t a n t s of the o x y c h l o r o s u l p h a t e s , M0S0-,C1, 
32 have a l s o been eva lua t ed by t h e s e a u t h o r s 
9 
32 I t h a s been i n d i c a t e d t h a t i n c h l o r o s u l p h u r i c a c i d 
p h o s p h o r u s p e n t a o x i d e forms p r o t o n a t e d p h o s p h o r i c a c i d and 
p h o s p h o r y l c h l o r i d e i s i n c o m p l e t e p r o t o n a t e d a c c o r d i n g t o t h e 
r e a c t i o n s g i v e n by e q u a t i o n s ( 1 4 ) and ( 1 5 ) , r e s o e c t i v e l y i . e . , 
P^O^ + 1 1 H S 0 3 C 1 - = = 2 H 2 P 0 J + H2SO4 + HCl + 4S2O5CI2 + $ 0 3 0 1 " (14) 
P ( X l 3 + H S 0 3 C l = P 0 H C l 3 + $ 0 3 0 1 " (15) 
The b a s i c i o n i z a t i o n c o n s t a n t K^ ^ o f t h e s o l u t e POCI3 
31 i n HSO3CI h a s been e v a l u a t e d . The P NMR s p e c t r o s c o p i c s t u d i e s 
on HSO3CI s o l u t i o n s of a few p h o s p h o r o u s d e r i v a t i v e s were c o n d u c -
33 
t e d by Wadd ing ton and c o w o r k e r s . T h e i r r e s u l t s a r e i n a g r e e -
ment w i t h t h o s e of t h e c o n d u c t o m e t r i e f i n d i n g s by Z a i d i and 
32 
c o w o r k d e r s . 
34 I t h a s been shown t h a t t h e c a r b o x y l i c a c i d a n h y d r i d e s 
i o n i z e i n c h l o r o s u l p h u r i c a c i d p r o d u c i n g t h e c a r b o x y l i c a c i d i u m 
i o n (RCO2H2) r a t h e r t h a n a c y l i u m i o n RCO"'' which h a s been shown to 
e x i s t i n s o l u t i o n s of lOOyi H2SO4 and o l e u m , i . e . , 
R( 0 0 ) 2 0 + 4 H S 0 3 C 1 = = 2 R C 0 2 H ^ + S2O5CI2 + 2SO3CI" (16) 
R= C^H^ o r CH3 
The d i c a r b o x y l i c a c i d a n h y d r i d e s behave a s weak b a s e s i n c h l o r o -
s u l p h u r i c a c i d y i e l d i n g t h e c o r r e s p o n d i n g i n t r a m o l e c u l a r l y 
34 h y d r o g e n bonded p r o t o n a t e d a n h y d r i d e s 
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2-4 Recently i t has been shown tha t chlorosulphuric acid 
i t s e l f i s capable of oxidizing the element, S, Se and Te giving 
polyatomic cat ionic species having suff ic ient l i f e time to be 
2+ 2+ 2+ 2+ 
examined in the solution, v i z . , S. , S,^, Se. and Te. contain-
ing the elements in the low oxidation s t a t e s . The conductometric 
redox t i t r a t i o n s in chlorosulphuric acid by using stable oxiding 
agents l ike KpS20o, SeO^ and TeO^ have also been successfully 
carr ied out and i t has been indicated that some of the above 
mentioned polyatomic cat ionic species can be further oxidized to 
+1 or +4 oxidation s ta tes depending on the concentration of 
appropriate oxidizing agents in the solut ion. 
Conductometric studies on iodine and some of i t s comp-
ounds, v i z . , KI, ICl, HIO-5, lo^S have indicated that these comp-
ounds ionize in chlorosulphuric acid producing a stable cationic 
species i t . The mode of ionizat ion i s shown by the following 
reac t ions : 
3I2 + 4HSO3CI z r z z = 21^ + SO2 + 2HC1 + 230301" + H2SO4 (17) 
5I2 + 4HS03Clrziz='2I^ + SO2 + 2H01 + 2SO3OI" + H2SO4 
^t^==^^3^ 2^ (^«) 
HIO3 "^  2HS0301=:r=l02S0301 + H2SO4 + HOI 
4102-^0301 I3 + 1(50301)^ + SO3OI" + 4O2 (19) 
11 
I2O5 + 2HS03C1==2HI03 + S2O5CI2 (20) 
HIO3 "^  2HS03C1=I02S03C1 + H2SO4 + HCl 
4 1 0 2 3 0 3 0 1 = 1 3 + 1(50301)3 + SO3CI" + 4O2 
3KI + 8HS03Cl = l 3 + 2SO2 + SK"*" + 4SO3CI" + 2H2SO4 + 4H01 (21) 
4IC1 + 4 H S 0 3 C l = = l 3 + 4HC1 + 1(30301)3 + 30301" (22) 
conductometric s tudies on so lu t ions or ICI3 and the mixture of 
5 
I2-ICI3 a t the mole r a t i o 12/1013= 2.0 in HSO3OI are reported 
to contain the interhalogen c a t i o n s . The r eac t ion can be 
represented by the following equat ion: 
2IOI3 + 4 H S 0 3 C l = I C l J + 1(30301)3 + 30301" + 4HC1 (23) 
I2I2 + 6IOI3 + 28H3O3OI = 6 1 2 0 1 + 5I3 + 4H2SO4 + 4SO2 + 
20HC1 + II3O3OI" + 31(30301)3 (24) 
The conductometric i n v e s t i g a t i o n s on so lu t ions of 
hydrazine su lphates , phenylhydrazine and a few subs t i tu ted phenyl 
35 hydrazines in chlorosulphuric acid have ind ica t ed tha t phenyl 
hydrazine and 1-naphthyl hydrazine undergo complete diprotonat ion 
according to the following general equa t ions : 
R-NH-NH2 + 2H303C1=^R-N"^H2-N'^H3 + 230301" (25) 
R= O^H^ or O^QH^ 
12 
while for N, N-dimethyl phenyl hydrazine, a partial protonation 
35 has been suggested . Hydrazine sulphate and phenyl hydrazine 
35 hydrochloride have also been suggested to undergo ionization 
in chlorosulphuric acid to yield a dicationic species as shown 
below: 
NH2-NH2-H2SO4 + 2HS03C1^^N'*'H3-N"''H3-H2S04 + 2SO3CI" (26) 
The e x t e n t of p r o t o n a t i o n i n 2 , 4 - d i - n i t r o p h e n y l hydraz ine and 
2 , 4 - d i c h l o r o p h e n y l h y d r a z i n e i s s u b s t a n t i a l l y lower as compared 
to t h a t i n phenyl hydraz ine and on ly monoprotonat ion has been 
i n d i c a t e d i n t h i s c a s e . 
I t has been r e p o r t e d * t h a t the p e n t a v a l e n t vanadium 
compounds e . g . , ^2^^' ^^^3 ^"^^ MVO3 (M= Na, NH^) behave as weak 
e l e c t r o l y t e s i n c h l o r o s u l p h u r i c a c i d g i v i n g a s i m i l a r so lvolyzed 
s p e c i e s , HfVOCSO-Cl).] in the s o l u t i o n which behave as weak ac id 
of t h i s s o l v e n t accord ing to the fo l lowing r e a c t i o n s : 
V20^ + 11HS03C1=^=2H[ ¥0(50301)4] + 3H2SO4 + 3HC1 (27) 
VOCI3 + 4 H S 0 3 C 1 = H [ ¥0(50301)4] + 3H01 (28) 
MVO3 + 7 H S 0 3 0 1 = = H [ ¥0(50301)4] + 2H2SO4 + M"*" + 50301" + 
2H01 (29) 
H[V0( 50301)4] + H50301^^=^H2 50301"*" + ¥0 (50301)" (30) 
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Autoprotolysis constant K of chlorosulphuric acid 
36 
was for the f i r s t t ime e v a l u a t e d by Z a i d i and coworkers 
(K,„ of HSO^Cl i s 4 .59 + 0 .20 x 10"^ mole^ Kg~^) which i s 
^P ^ " 37,38 
compara t i ve ly sma l l e r to t h a t r e p o r t e d for 100*/ su lphu r i c a c i d . 
Th i s s u g g e s t s t h a t a u t o i o n i z a t i o n of the s o l v e n t i s comple te ly 
r e p r e s s e d even in d i l u t e s o l u t i o n of the e l e c t r o l y t e s . 
A h i g h l y conduct ing g r e e n i s h ye l low co loured s o l u t i o n s 
39 
c h a r a c t e r i s t i c of a Mn(VII) s p e c i e s MnOo.SO^Cl has been r e p o r t e d 
2 by s o l v o l y t i c r e a c t i o n s of oxoanions MnO. and MnO^ with c h l o r o -
s u l p h u r i c a c i d a t room t e m p e r a t u r e . Th is Mn(VII) s p e c i e s decom-
poses on s t a n d i n g r e s u l t i n g in a s t a b l e c o l o u r l e s s amorphous 
s o l i d acco rd ing to the fo l lowing r e a c t i o n s : 
KMn04 + 3 H S 0 3 C 1 = : K ' ^ + Mn03.S03Cl + H2SO4 + HCl + SO3CI" (31) 
K2Mn04 + 6 H S 0 3 C 1 = aK"*" + Mn02( 50301)2 + 230301" + 2H2SO4 + 
2HC1 
4 M n ( V I ) r = M n ( l I I ) + 3Mn(VII) (32) 
The s o l i d thus o b t a i n e d has been c h a r a c t e r i z e d as a 
t e t r a h e d r a l high spin s p e c i e s having an uncommon +3 o x i d a t i o n 
s t a t e of manganese i . e . , oxomonochlorosu lpha tomanganese( I I I ) 
[MnOS03Cl]o 
The s o l v o l y t i c r e a c t i o n s ' of c h r o m y l - c h l o r i d e and 
of chromium t r i o x i d e with exces s c h l o r o s u l p h u r i c ac id se rv ing as 
14 
medium of t h e r e a c t i o n as w e l l a s the c h l o r o s u l p h o n a t i n g agen t 
produce a moss-green amorphous s o l i d a t room tempera tu re whereas 
a brown co loured c r y s t a l l i n e s o l i d i s formed i f t he se r e a c t i o n s 
a r e c a r r i e d out above 60°C. These compounds have been analyzed 
a s chemica l ly i d e n t i c a l s p e c i e s and a re formed accord ing to the 
fo l lowing r e a c t i o n s : 
Cr02Cl2 + 2 H S 0 3 C l = C r 0 2 ( 50301)2 + 2HC1 (33) 
CrOg + 3 H S 0 3 C l = C r 0 2 ( 30361)2 + H2SO4 + HCl (34) 
The r e s u l t s of the e l emen ta l a n a l y s i s , magnet ic s u s c e o t i b i l i t y , 
IR and UV-vis ib le s p e c t r o s c o p i c s t u d i e s sugges t t h e i r s t o i c h i o -
metry a s Cr02(50301)2 i . e . , [ d i o x o b i s ( c h l o r o s u l p h a t o ) c h r o m i u m ( V I ) ] 
having the s t r u c t u r e as shown in f i g . 3 . 
Ov .0 0 . . 0 1 
0 0, ^0 0 
,0r 
0' ^'0 
F i a . 3 
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The solvolytic reactions on the salts of chromium(VI) 
oxoanion i.e., K^CrO. and K2Cr20^ with chlorosulphuric acid have 
40 been shown to give similar type of the solid compound under 
similar conditions according to the following reactions: 
K2Cr04 + 6HS03C1==2K"^ + Cr02( 50301)2 + 250301" + 2H2SO4 + 
2HC1 (35) 
K^CT^OJ + 9HSO3CI = 2K'*' + 2CrO( 50301)2 + 3HC1 + 3H25O4 + 
2SO3OI" (36) 
The behaviour of a v a r i e t y of d i f f e r e n t types of 
I n o r g a n i c compounds and o r g a n o m e t a l l i c compounds in HSOoOl has 
42 
r e c e n t l y been r e p o r t e d from t h i s l a b o r a t o r y with a view to 
i n v e s t i g a t i n g t h e i r modes of i o n i z a t i o n as w e l l as p o s s i b l e 
format ion and s t a b i l i z a t i o n of some novel c a t i o n i c s p e c i e s in 
t h i s s o l v e n t system. The s o l v o l y t i c r e a c t i o n s of S iC l . and 
SnCl. wi th H5O3CI has been shown to give the s o l v o l y t i c s p e c i e s 
51(50301)4 and H[5n01.(S0301)] r e s p e c t i v e l y accord ing to the 
fo l lowing r e a c t i o n s : 
5101^ + 4 H S 0 3 C 1 = ^ 51(50301)4 + 4HC1 (37) 
5n0l4 + H 5 0 3 0 1 = = H [ 5 n 0 l 4 ( S 0 3 0 1 ) ] (38) 
The conductometr ic t i t r a t i o n of t h e s e s o l u t i o n s with 
a s t rong b a s e , KCl, oroduce the u l t i m a t e s p e c i e s H[Si( SOoCl)^-] 
16 
and H[SnCl4_^(S02Cl)^_^^ [4>n>l] r e s p e c t i v e l y which behaves a s 
weak ac id i n HSO-Cl shown by the fo l lowing r e a c t i o n i . e . . 
KCl + Si(SO-,Cl), + 2HS0^C1 . 3«^ /4 -r - . . 0 W 3 V . X — = H [ S i ( S 0 3 C l ) ^ ] + HCl + K"^  + 
50301" (39) 
nKCl + H[SnCl4(S03Cl)] + 2 n H S 0 3 C l = = HCSnCl^^^C 30301)^ ^] + 
2nHCl + nS03Cl" + nK"^  (40) 
However, the s o l u t e s ZrCl^ , ZrF^ and GeCl^ do not show any 
i n t e r a c t i o n with so lven t t h u s behave as non e l e c t r o l y t e s in 
c h l o r o s u l p h u r i c a c i d . 
Conductometr ie measurements have been c a r r i e d ou t on 
s o l u t i o n s of a few o rgano t in ( IV) compounds v i z . , (Ph ) .Sn , Ph^SnCl 
42 
and Ph^Snl i n c h l o r o s u l p h u r i c a c i d . I t has been found t h a t in 
a l l t he se compounds a l l the Sn-C and Sn-X bonds a re c leaved 
y i e l d i n g a t e t r a v a l e n t so lvo lysed Sn(S03Cl) . s p e c i e s as r e p r e s e n -
t ed by the fo l lowing r e a c t i o n s : 
(C^H^)4Sn + 12HS03C1 = = S n ( 30301)4 + 40^H^303H2 + 4H01 + 
430301' 
(C^H^)3SnCl + IOHSO3OI — > Sn(30301)4 + 30^^5S03H2 + 4HC1 + 
330301" 
(C^H^)33nI + IOHSO3CI — > Sn(30301)4 + 3C^H^303H2 + HI + 
3HC1 + 33O3CI 
(41) 
(42) 
(43) 
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The t e t r a v a l e n t s o l v o l y s e d s p e c i e s Sn(SOoCl). has been 
i n d i c a t e d t o be amphoteric i n n a t u r e consuming the free S O X l " 
ion from t h e s o l u t i o n t h e r e b y lower ing the c o n d u c t i v i t y of these 
s o l u t i o n s i . e . , 
Sn( 30301)4 + SO3CI" = = S n ( S 0 3 C l ) ~ 
However, the s o l u t e Bu3Sn01, Bu2SnCl2, Me2SnOl2 and 
Bu2Sn(0H3C00)2 undergo s o l v o l y s i s in HSO3CI y i e l d i n g so lvo lysed 
s p e c i e s [R2Sn(30301)2] [R= CH3, C^HQ] where on ly 3n-X bond has 
42 been r e p o r t e d to be c l e a v e d as shown by the fo l lowing r e a c t i o n s : 
(04Hg)33n01 + 2H30301 = (C4Hg)2Sn( 30301)2 + HOI + C4HJ^Q (44) 
(C4Hg)2Sn0l2 + 2H3O3OI = = (04Hg)2Sn(30301)2 + 2H01 (45) 
(OH3)23nOl2 + 2H3O3OI = ( 0 H 3 ) 2 3 n ( 30301)2 + 2H01 (46) 
(04Hg)23n(0H3002)2 + 4 H 3 O 3 O I = ( 0 4 H g ) 2 3 n ( 3 0 3 0 1 ) 2 + 2OH3OOOH2 + 
230301" (47) 
I t has been i n d i c a t e d t h a t the above mentioned so lvo lysed s p e c i e s 
R23n(S03Cl)2 undergo p a r t i a l i o n i z a t i o n y i e l d i n g the co r r e spond-
ing d i c a t i o n i c s p e c i e s R2Sn in s o l u t i o n , i . e . , 
R2Sn( 30301)2 = RgSn"*"^  + 2SO3CI" (48) 
R= OH3, C^Hg 
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The behaviour of a few organotel lurium(IV) de r iva t ives 
43 44 have also been reported * in HSO^Cl with a view to examining 
t h e i r mode and extent of ion iza t ion and poss ib l e formation and 
s t a b i l i z a t i o n of the ca t ion ic species in the so lu t ions . Conduc-
tometric measurements on the so lu t i ons of a-(CH^)2Tel2, 
a-(C2Hc)2Tel2 and (C^Hc)2TeCl2 in chlorosulphur ic acid indicated 
t h a t both the Te-X bond [X= I , CI] are cleaved r e s u l t i n g in the 
formation of the solvolysed species , R2Te(S02Cl)2 [R= CH^, C2H^ 
and C^Hc] as shown by the following r e a c t i o n s : 
(CH2)2Tel2 + 2HSO3CI = = (CH3)2Te( 50301)2 + 2HI (49) 
(C2H^)2Tel2 + 2HSO3CI = (C2H^)2Te( 50301)2 + 2HI (50) 
(C^H5)2TeCl2 + 2H5O3CI = = (C^H^)2Te( 50301)2 + 2H01 (51) 
These solvolysed species fur ther ionize giving a 
2+ d i ca t i on i c species R2Te which remain as a s tab le e n t i t y in 
the solut ion as shown by the following r e a c t i o n s : 
R2Te(S03Cl)2 ;^=:^ R2Te "^^  + 2SO3CI" (52) 
However, in case of phenyl - te l lur ium t r i c h l o r i d e unlike 
44 t h a t observed for diorganotel lurium di iodo , only one Te-halogen 
bond i s cleaved forming a solvolysed product as follovi/ing: 
0^H^TeCl3 + HSO3CI =C^H^TeCl2(S03Cl) + HCl (53) 
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The solvolysed product thus formed undergoes partial ionization 
giving a monopositive cationic species as below: 
C^H^TeCl2(S03Cl) ;F=^C^H5TeCl+ + 50301" (54) 
The formation of monopositive ca t ion ic species has been further 
va r i f i ed by carrying out conductometrie s tud ie s on a few s u b s t i -
tu ted phenyl te l lur ium t r i c h l o r i d e s namely, p-hydroxy, p-methoxy 
and p-ethoxy phenyl te l lur ium t r i c h l o r i d e in chlorosulphuric 
ac id . The r e s u l t s of the conductometric s tud ie s confirm tha t in 
a l l these cases only one Te-Cl bond i s cleaved leaving a mono-
pos i t ive species in the so lu t ion as shown in the following 
equat ions: 
0RC^H4TeCl3 + HSO3CI=0RC^H4TeCl2(S03Cl) + HCl (55a) 
0RC^H4Te(S03Cl) ^ = ^ ORC^H T^eCl"*" + 30301" (55b) 
R= H, CH3, ^2^1^ 
A few organotellurium de r iva t ives R2Te(80301)2 has been 
44 synthesized u t i l i z i n g meta the t ica l r e a c t i o n s of corresponding 
iodides with chlorosulphuric acid , i . e . 
R2Tel2 + 2 H S 0 3 C l = R 2 T e ( 50301)2 + 2HI (56) 
R= OH3, C2H^ 
These compounds have been charac te r ized on the bas i s of in f ra -
red u l t r a v i o l e t and NMR spectroscopic s t u d i e s . 
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The COnductometrie s tud ies on so lu t ions of PCl^* PBXo, 
45 46 PClc^  and PBXc in chlorosulphuric acid have shown ' tha t the 
pentahal ides are ionized giving s tab le ca t ion ic species PX., 
while the t r i h a l i d e s are oxidized in so lu t ion forming the corres-
ponding oxyhalides which are u l t ima te ly p a r t i a l l y protonated in 
the so lu t ion as shown below: 
PX5 + HS03C1=PX4 + SO3CI" + HX (57) 
PX3 + 2HS03C1=P0HX3 + SO2 + HCl + SO3CI" (58) 
The solute PCl^I also produced the PCI. ca t ion according to the 
r eac t ion as following: 
2PC1^I + 2 H S a 5 C l = 2 P C I 4 + I2 + 2HC1 + 250301" + CI2 (59) 
From the conductometric r e d o x - t i t r a t i o n of the phosphorous t r i -
ha l ides with appropriate halogen and in terhalogen compounds in 
45 
chlorosulphuric acid, i t has been demonstrated tha t the t i t r a -
t ion curves contain breaks a t the molar r a t i o PCl3/Br2= 1.00 and 
PBr3/ICl= 3.00 ind ica t ing the formation of he te roca t ion ic species 
PCl3Br"*' and PBr3Cl"*" as s tab le e n t i t y in the so lu t i ons according 
to the r eac t ions given below: 
3PBr3 + ICl + 7HSO3CI 3PBr3Cl"^ + HI + 2HC1 + 2SO2 + 
2H2SO4 + 3SO3CI" (60) 
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Recently Zaidi and coworkers have reported the 
chlorosulphates of a few members of the first row transition-
metals, M(30301)2 [M= Zn, Cd, Hg, Or, Mn, Fe, Oo, Ni and Cu] by 
carrying out the solvolytic reactions of the corresponding metal 
acetates with chlorosulphuric acid acting both chlorosulphonating 
agent and medium for chlorosulphonation. The probable geometry 
of these transition metal bis(chlorosulphates) have been 
ascertained from reflectance spectra and the values of magnetic 
moments. The metal ion in these compounds acquire octahedral 
geometry in a way that SOJZl" ion coordinates in tridentate 
fashion. The SO-aOl" group acts as tridentate ligand in these 
compounds maintaining the hexacoordination of the metal ions. 
The mode of coordination of SO^Ol" group is such that either all 
the three basic oxygen atoms are coordinated in an equivalent 
manner or apparently in non-identical manner. The coordination 
compounds of these metal bis(chlorosulphate) MCSOOCI)^ [M= Zn, 
Od, Hg, Or, Mn, Fe, Oo, Ni and Ou] with ligands having strong 
basic donor sites viz., pyridine, 2,2'-bipyridine, pyridine-N-
oxides, acridine and methylcyanide have also been synthesized. 
The i.r. spectra of these complexes indicate that in complexes 
too, the SOoCl" group is covalently bonded. The observed 
magnetic moments and the bands observed in the reflectance 
spectra are consistent with the octahedral geometry. 
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50 Zaidi and coworkers have repor ted the synthesis of 
lanthanides chlorosulphates LnCsO^Cl)^ [Ln= Ce, Pr, Nd, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm and Yb] where the chlorosulphate group 
3+ has been shown to be covalent ly bonded to Ln ion in a bidentate 
fashion maintaining an octahedra l geometry around these metal 
ions . The coordination compounds of these Lanthanon t r i s 
(chlorosulphates) with organic bases have a l so been prepared and 
charac te r i zed . 
A number of a l k a l i t e t r ach lo rosu lpha tometa l l a t e s with 
empirical formula, M[M'(30301)4] [M= a l k a l i metal and M'= B, Al 
and Ga] have been synthesized by so lvo ly t i c r eac t ion of e i t h e r 
chlorosulphuric acid or sulphuric anhydride on corresponding 
51 52 t e t r ach lo rometa l l a t e /^(M'Cl). * . Alkal ine ea r th metal s a l t s 
of the type M [ A 1 ( S 0 3 C 1 ) 4 ] 2 [M= Ca, Sr, Ba] have also been 
prepared by reac t ing M[A1C1.]2 with HSO^Cl. The c h a r a c t e r i s t i c 
51-55 frequency of the SO^Cl moiety have been inves t i ga t ed by 
i . r . and Raman techniques and the r e l a t i v e d i spos i t i on of the 
SO^Cl" group in the anion have been a sce r t a ined on the bas is of 
crystal structure of KfB(S03Cl)4]. 
56 Recently Zaidi and coworkers have reported the 
syntheses of sodium hexakis( chlorosulphato) iridate,Na2[Ir(S02Cl)-. ] 
and sodium tetrakis(chlorosulphato)palladate, Na2[PdCsOoCl).]. 
2 
The mode of linkage of SOoCl" group in the anion MCSO^Cl)^" 
[M= Ir or Pd, n= 6 or 4] and its salts, Na[M(S03Cl)^] [M= Ir or 
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Pd] have been ascertained on the basis of i.r. spectra which 
indicate a covalent mode of linkage of SOoCl" group. The bands 
in the reflectance spectra and magnetic moment values are 
consistent with octahedral geometry of Na2[Ir(SO^Cl)^] and a 
square planar geometry of Na2[Pd(S02Cl).]. 
It is, therefore, quite apparent that the chlorosul-
phuric acid is not only a suitable solvent for the study of the 
modes of ionization of various types of Organic and Inorganic 
solutes but also a suitable chlorosulphonating agent for the 
synthesis of novel metal chlorosulphates. 
A few important physical properties of chlorosulphuric 
acid are tabulated below: 
Table-1: Physical properties of chlorosulphuric acid. 
Ref. 
Boiling Point 62°C at 2.7 mm (46) 
78°C at 21.5 mm (57) 
152°C at 760 mm (46) 
Melting Point -80°C (46) 
Density 1.741 gm/c.c. (58) 
Viscos i ty ' 0.0243 P a t 25°C (59) 
D i e l e c t r i c constant 60+10 a t 14°C (60) 
Molar s u s c e p t i b i l i t y 46.60 (58) 
Specif ic heat 0.282 cal/gm (61) 
Specific conductance 4,0x10" ohm"" cm" (25) 
Hammett a c i d i t y value -13.80 (62) 
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Chlorosulphuric acid has a relatively much lower 
freezing point as compared to sulphuric acid, thus enabling one 
to study the protonation of bases in this acid at low tempera-
ture at which the proton exchange between solvent molecules and 
conjugate acid is minimised. However, low freezing point of the 
acid limits the cryoscopic studies on the solutions. 
CHAPTER - I I 
E X P E R I M E N T A L 
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EXPERIMENTAL METHODS IN CHLOROSULPHURIC ACID SOLVENT SYSTEM 
A number of techniques have been used to study the 
behaviour of compounds in chlorosulphuric acid as well as for 
structural elucidation of chemical compounds obtained from the 
solution and the complexes synthesized. The techniques most 
commonly available and used are the following: 
1. Electrical conductivity measurements 
2. Infra-red spectroscopy 
3. Ultra-violet and visible (Ligand Fields) spectroscopy 
The methods have been discussed briefly as following: 
Electrical conductivity in chlorosulphuric acid 
The electrical conductivity measurement is one of the 
simplest and easily available techniques, used for characteriza-
tion of the Compounds. It gives direct information regarding 
whether a given compound is ionic or covalent. For this purpose 
the measurement of molar conductance (>\ m) which is related to 
the conductance value in the following manner is made, 
A cell constant x conductance m = ' IJ-
concentration of solute expressed in moles cm 
conventionally solutions of 10 M strength are used for the 
Conductance measurement. Molar conductance values of different 
types of electrolytes in few solvents are given below: 
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- 1 2 A 1:1 e l ec t ro ly t e may have a value of 75-95 ohm cm 
—1 —1 2 —1 
mole in nitromethane, 50-75 ohm cm mole in dimethylsulph-
-1 2 -1 
oxide , 72-90 ohm cm mole in dimethylforraamide and 100-160 
ohm" cm mole" in methyl cyanide " . S imi la r ly a solut ion of 
—1 2 —1 
2:1 e l e c t r o l y t e may have \ value of 150-180 ohm cm mole in 
-1 2 - 1 
ni tromethane, 130-170 ohm cm mole in dimethylformamide and 
140-220 ohm""^cm^mole"-'- in methyl cyanide^^"^^o 
E l e c t r i c a l conductivi ty in chlorosulphuric acid 
24 Walden determined the specif ic conduct iv i ty of 
-4 -1 - 1 
chlorosulphur ic acid and found a value of 1.72x10 ohm cm at 
OS 
25 C. Later Robinson and Ciruna suggested t h a t reagent grade 
acid (BDH, England) has a speci f ic conduct iv i ty value of about 
4,0x10" ohm" cm" at 25^C, This acid was found sui table for 
conductance s tudies of most of t h e e l e c t r o l y t e s . 
The c e l l constant 
For a oiven c e l l the r a t i o — i s defined as the c e l l 
a 
Constant represented by G, then 
G = RK (61) 
where R and K are res i s tance and specif ic conductance of the 
so lu t ions r e spec t ive ly . 
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Determination of cell constant 
The cell constant was first determined according to 
the method suggested by Jones and Bradshaw by using potassium 
chloride solution of known specific conductance. However^since 
the minimum conducting sulphuric acid is well established we 
calibrate our cells using this secondary standard. The cell 
constant is given by the equation: 
G = 0.010433 X "I (62) 
where B is the minimum observed conductance for the H^O-SO^ 
system. 
The apparatus and experimental techniques 
The cell used in the present work is the same as was 
designed by Solomons . Figure 4 shows a typical conductivity 
cell which consists of a tube approximately 10 cm long contain-
ing the electrodes and joining two 100 ml conical flask. The 
electrodes were made from platinum foil (1 cm ) and were firmly 
fixed on the tube so that no displacement could occur. The coni-
cal flasks were fitted with a socket (B-14 standard joint) to 
exclude all moisture from the cell. 
28 
J \, J K 
CONDUCTIVITY CELL 
Fig. A 
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Preparation of electrodes 
To eliminate electrode polarization resistance it is 
necessary to cover the electrodes with a layer of platinum 
black. The electrodes were platinized by electrolizing solution 
of chloroplatinic acid with a current of 20 milliampere, revers-
ing after every thirty seconds for about half an hour. After 
this heavy coating, the electrodes were annealed in a hot flame 
and then replatinized for another ten minutes. Thus stable 
deposits of platinum were obtained which did not flake off. 
Thermostat 
The conductance measurements were carried out at 
25 + 0.1 C in a thermostat whose temperature was regulated 
by-an automatic thermometer. 
General techniques 
In order to carry out the series of conductivity 
measurements, a weighed amount of about 30 to 50 gms of the 
acid was taken in the clean and dry cell. Small known amount 
of solute were added by means of weighing tube. The solute was 
thoroughly mixed with the solvent in the cell by swirling the 
cell. Care Vi/as also taken to keep the caps of the conical flasks 
tightly closed so as not to allow escape of any g^s from the 
30 
cell. After this the conductivity of the solution was measured 
from the conductivity bridge (Systronic type 302). 
Determination of Y -values from conductometrie measurements 
The number of moles of the anions^SO^Cl" or the cation^ 
H2SO2CI'*" of solvent self dissociation produced by each mole of 
solute in chlorosulphuric acid, is given by the symbol y . Its 
value can be readily determined from conductometrie measurements 
25 in chlorosulphuric acid • It has been suggested that most of 
the current in the solution is carried by the SO^Cl" and/or 
H^SOoCl"^ ions which conduct by an abnormal proton transfer 
mechanism similar to that found for HSOT and H^SOt ions in 
^2^°4^^ and SO^F" and H2SO3F'*' ions in HS03F^^. Since it is known 
that potassium chloride behaves as a strong electrolyte in 
25 -
chloro sulphuric acid producing one mole of SO^Cl per mole of 
the solute,the y-value of a base is determined by comparing the 
concentration of the base giving a certain specific conductance 
with the concentration of the strong electrolyte, KCl that gives 
the same specific conductance i.e., in figure 5. 
Y = -S^ (63) 
I OX 
where OX is the concentration of the base and OY is the concent-
ration of KCl which gives the same specific conductance. 
31 
/ = 
DETERMINATION OF / VALUE 
^ OF MOtES OF SO3CI OR H2SO3CI* 
MOLES OF SOLUTE 
Y X 
Concentration 
OY 
OX 
Fig. 5 
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2 . In f ra - red spectroscopy 
The infra- red spectroscopy i s a useful most fundamen-
t a l technique for cha rac te r i za t ion in a l l types of the atom in 
coordinat ion compounds. The in f ra - red absorpt ion spectra of 
molecules r e s u l t from t r a n s i t i o n between v i b r a t i o n a l and r o t a -
t i o n a l energy l e v e l s . 
A non l inea r molecule of n atoms has 3n degrees of 
freedom which are described as three r o t a t i o n a l and three t r a n s i -
t i o n a l and 3n-6 v ib ra t iona l motions. A non l i n e a r molecule should 
then show 3n-6 d i f fe ren t strong i . r . abso rp t ions . In c e r t a i n 
molecules, however, one observes a l e s s e r number of normal v ibra -
t i o n a l frequencies than expected in the i n f r a - r e d spec t ra . This 
i s due to some se lec t ion r u l e s which should be followed by the 
normal modes of v ibra t ion of the molecule. The absorption of the 
electromagnetic rad ia t ion i s poss ib le only when there i s a change 
in the dipole moment of the molecule during the normal v ib ra t ion . 
The i n t e n s i t y of the r e s u l t i n g absorpt ion band i s proport ional to 
the square of the change in the dipole moment. When there i s no 
change in the dipole moment of a molecule during a normal v ib ra -
t i o n i t w i l l be inf ra- red i n a c t i v e . 
I t has been found t h a t in in f ra - red absorpt ion, some 
of the v ib ra t i ona l frequencies are assoc ia ted with specif ic 
groups of atoms and are the same i r r e s p e c t i v e of the molecules in 
which t h i s group i s present . These are c a l l e d c h a r a c t e r i s t i c 
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frequencies and their constancy results from the constancy of 
bond force constant from molecule to molecule. The important 
observation that the infra-red spectrum of a complex molecule 
consists of a number of characteristic group frequencies makes 
infra-red spectroscopy an unique and powerful tool in structural 
analysis. The vibration associated with covalently linked atoms 
may be classified into: 
a. Stretching; Vibrations involving periodic extensions and 
contractions of the bands. 
b. Bending and deformations: Vibrations involving periodic 
bending of bonds. Bending force constants are generally about 
an order of magnitude smaller than the stretching force constant 
and are more sensitive to the environment. Vibrations in the 
environment give rise to small changes in the characteristic 
frequency of a group. The characteristic group frequency rele-
vent to the present work only have been described in the follow-
ing few paragraphs. 
The infra-red spectra of chlorosulphuric acid in solid, 
liquid and also in the gaseous state at temperature upto 60 C 
69 
were first obtained and examined by Savoie and Giguere . They 
suggested the dimerization of the acid even in gaseous state. 
70 However, Chackalactal and coworkers have recorded the i.r. 
spectra of HSO^Cl monomer as well as in the associated form. The 
frequencies observed in the i.r. spectra of the monomer have been 
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a s s i g n e d by t he se workers a s the c h a r a c t e r i s t i c SOp r o c k i n g , 
S-Cl s t r e t c h i n g , SO-H s t r e t c h i n g , SO2 symmetric s t r e t c h i n g , SO^ 
asymmetric s t r e t c h i n g and OH s t r e t c h i n g v i b r a t i o n s . I t was 
25 — 
l a t e r i n d i c a t e d t h a t t he SO^Cl ion which has a C^ symmetry 
i s expec ted to e x h i b i t s i x modes of v i b r a t i o n s , a l l of which 
should be i n f r a - r e d a s w e l l as Raman a c t i v e . These have been 
c o n v e n i e n t l y d e s c r i b e d as symmetric SO^ s t r e t c h y V , ( A ) and 
asynunetric SO^ s t r e t chy V 4(E)» a symmetric SO^ bend, ^ ^(A) and 
asymmetric SO^ bend, ^) AE) a S-Cl s t r e t c h , >^  2(A) and S-Cl wag, 
V ^ C E ) , I t has been shown from the study of a few a l k a l i and 
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a l k a l i n e e a r t h metal c h l o r o s u l p h a t e s t h a t the p o s i t i o n of these 
c h a r a c t e r i s t i c bands are not much a l t e r e d e x c e p t i n g the symmetric 
SO- s t r e t c h , ^ , ( A ) v i b r a t i o n which, however, undergoes a p o s i -
t i v e s h i f t , i f t h e r e e x i s t s an i n c r e a s e d i n t e r a c t i o n between the 
meta l ion and the c h l o r o s u l p h a t e group . 
C 5 N s t r e t c h 
The methyl cyanide molecule belongs to the point group 
71 C-^ and exhibits eight normal modes of vibrations . Three of 
these normal modes e.g., C^N stretching vibration, the symmetric 
C-H deformation and symmetric stretching vibration are much 
affected when methyl cyanide undergoes coordination with metal 
f.O 70 '7f\ 
ions. It has been indicated * ~ that methyl cyanide can 
77 
coordinate through nitrogen as well as via the triple bond . In 
most of the methyl cyanide complexes generally a positive shift 
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of about 30 cm"" to 110 cm" in the C^N stretching frequency 
has been reported and it has been concluded to be diagnostic for 
its Coordination through nitrogen atom and has been termed normal 
coordination. However, in few substituted methyl cyanide comp-
lexes with group IV elements a considerable decrease in C^sN 
stretching frequency has been indicated. This has been attribu-
ted to the involvement of the carbon-nitrogen triple bond (-CHN) 
in coordination similar to that observed for coordination through 
78 79 
-C^N bond in acetylene complexes * . However, in such methyl 
cyanide complexes the magnitude of decrease in -C^N stretching 
vibration is reported to be much lower as compared to that shown 
for -C^C- bond in acetylene complexes. It has been interpreted 
to be due to the free electron pair on the nitrogen of the cyano 
group which tends to share making up for the drainage of 
electrons from the triple bond region on complex formation 
whereas such a possibility of any compensation for the lowering 
of bond order does not exist in the-C=C-bond in acetylene comp-
lexes. 
Ring Vibrations 
Pyridine 
The vibration spectra of pyridine show three important 
ring vibrations i.e., 16b (out-of-plane-ring deformation), 6a and 
8a (in-plane-ring deformation) observed at 403, 601 and 1578 cm" 
3S 
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respectively . All these bands suffer considerable positive 
shifts on Coordination of pyridine to metal ions and the magni-
tude of the shift depends on the stereochemistries of the comp-
lexes and on the metal atoms. The 601 cm"" band has been 
suggested to be more sensitive to the stereochemistry of the 
complexes such that in tetrahedral, polyatomic octahedral comp-
—1 81 
lexes, it appears at 642, 631 and 625 cm respectively . In 
a few complexes, the doubling of the above mentioned pyridine 
bands have also been reported which has been suggested to be due 
to some interaction between different pyridine molecules either 
within a single molecule or between different molecules of the 
unit cell. 
2,2'-bipyridine 
The three important ring vibrat ions in 2,2 '-bipyridine, 
the out-of-plane-ring deformation 6a and 8a, occur at 402, 619 
V 1 ' 8 2 
and 1590 cm" respectively . I t has been reported that the two 
lower wave number bands are very sensitive and after complexation 
undergo considerable positive shifto 
Acridine 
The two strong bands observed at 1515 and 1555 cm~ 
in the i . r . spectrum of the free acridine are at t r ibutable to 
)^ C=C and V C^N stretching vibration respectively. I t has been 
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shown that a positive shift of about 75 cm" and 100 cm" is 
observed for the V C=C and V C^N vibrations respectively after 
complexation of acridine to metal ions suggesting the coordina-
tion through the nitrogen atoms of the pyridyl group * 
M~N stretching vibration 
The metal nitrogen (M-N) stretching frequency is of 
the particular interest since it provides direct information 
regarding coordination. It appears in the low frequency region. 
The M-N stretching frequency depends on the following factors: 
lo Mass of the metal and ligand, 
2. Oxidation number of the metal ion, 
3. Coordination of metal ion, 
4. Geometry of complex, 
5. Basicity of ligand molecule, 
6. Bridging or non bridging anions, and 
7. Ligand field stabilization energy^ 
Recently i.r. spectroscopic studies have been used for 
characterizing the various solid metal and non-metal fluorosul-
phates and chlorosulphates by studying the characteristic fluoro-
sulphate and chlorosulphate group frequencies"'"'^ '"'"*^ ~^ "'"'^ *^ ~^ "'"*^ '^®^  
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Application of Infra-red Spectroscopy in Strong Acidic Media 
It has been shown that the i.r, spectroscopic studies 
provide ample evidence for the formation and stabilization of 
the various Inorganic and Organic cationic species in acidic 
87 
media. Gillespie and coworkers have indicated that the charac-
teristic stretching vibration of C=Q group in the oxocarbonium 
ions appears at about 2200 cm" . The characteristic stretching 
vibration of protonated carbonyl group in carboxylic acids 
dissolved in strong acidic media has been shown ~ to occur at 
-1 34 
about 1600 cm • Recently, Zaidi and Siddiqi on the basis of 
i.r. spectral studies for the solution of carboxylic acid anhyd-
rides Concluded that the band at about 1605 cm" for solution of 
acetic and benzoic acid anhydrides in HSO^Cl is attributable to 
the protonated carbonyl group of the carboxylic acidium ion 
(RC02Ht) whereas for the dicarboxylic acid anhydrides there is 
evidence for the formation of intermolecularly exchanging 
protonated carbonyl group. The i.r. spectroscopy has also been 
shown to be useful in deciding the site of proton attack in 
organic bases having bifunctional groups e.g., amides, urea and 
92 93 their thioanalogues * . 
The appearance of a band at 2160 cm"" in solutions of 
-1 94 
NpO^ and at 2320 cm in solution of N^Oc in disulphuric acid 
has been ascribed to the formation of the cationic species NO 
in the former case and NOp in the later formation of the cationic 
39 
species SeCl^ t and PClt in solutions of selenium tetrachloride, 
95 96 
and phosphorous pentachloride in fluorosulphuric • acid have 
been indicated from the i.r. spectral studies. 
It has been shown that free chlorosulphate ion as is 
expected to exist in CsSO^Cl, exhibits six i.r. and Raman active 
bands . Of these, the symmetric stretching V j^ (A) vibration 
has been found to be very sensitive to the environment and under-
goes a strong positive shift if there exists an increased cation— 
anion interaction between the metal and chlorosulphate group. 
The existence of such an interaction leading to a covalent bond 
39—41 formation in a few metal chlorosulphates ^ have been confirmed 
by the observation of the splitting of the degenerate V4(E), 
'^-(E) and V ^ C E ) vibrations resulting in a reduced Cs symmetry 
of the chlorosulphate group in such compounds. 
EXPERIMENTAL TECHNIQUES 
It has been shown that AgCl prism can be used as 
go 
window material for studying strong acid solutions . The poly-
ethylene and teflon sheets have also been successfully used by 
some workers ' * . In the present studies i.r. spectra of 
the solid compounds were obtained by the following methods. 
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1. Mulls 
The solid compounds mulled in nujol have been recorded 
on a Perkin Elmer Model 621 and 735 spectrophotometer at room 
temperature (25°C). The mulls were pressed into a homogeneous 
thin film in an envelope cell made of polyethylene and the cell 
was sealed off, 
2. Pellet technique 
The pellet technique^ ^ ^ ^ involves mixing the fine 
ground sample (I-ICXD ^ g) and potassium bromide powder, and 
pressing the mixture in an evacuable die at sufficient pressure 
to produce a transparent disc. Potassium bromide becomes quite 
plastic at high pressure and flow to form a clear disk. Grinding 
mixing is conveniently done in a vibrating ball mill. 
All manipulations were carried out in dry box filled 
with dry nitrogen. Although there is a high background absorp-
tion of the polyethylene, it is transparent enough in the 1500 
to 200 cm" range to enable the study of the characteristic 
chlorosulphate vibrations which occur in this region. 
3. Ultra-Violet and visible spectroscopy 
The absorption of radiation in visible and ultra-
violet region'^involves the promotion of electrons in a ., n and 
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n orbitals from ground state to higher energy states known as 
antibonding orbitals. These transitions have been classified 
by Dukan and Matsen into three categories. In the first 
category there are N — > V transitions which are from the bond-
ing orbital in the ground state of molecule to the higher energy 
antibonding. For n system the N — > V transitions have been 
termed K bands. The second type of transition N — > Q result 
from the excitation of the electron in non-bonding orbital to an 
antibonding. The last category concerns the excitation of 
electrons from an orbital in the ground state to one of the high 
enough energy for the molecule ion core to resemble an atomic 
ion. 
Most of the recording spectrometer, record the wave 
length versus absorbance or optical density. The absorbance is 
given by 
A = log lyi (64) 
where I is the intensity of incident and I is the intensity of 
o ' 
transmitted light. The intensity of absorption of the band is 
calculated by using Lambert's and Beer* s laws. The laws can be 
formulated by the relationship 
^ = TT- ^^ >^ 
42 
where I is the molar extinction coefficient, C is the molar 
concentration and I is the path length in centimeters. For a 
cell having 1 cm path length equation (65) is transformed as 
I = A/C (66) 
Experimental Techniques 
The e lec t ronic spectra were recorded on PYE Uni Cam-
8800 Spectrophotometer for so lu t ions of Br2 and i t s compounds 
in HSO^Cl while the e l ec t ron ic spectra for the so lu t ions of 
vanadium(V) oxide t r i ch lo rosu lpha tes and i t s adducts in aceto-
n i t r i l e and other chlorosulphates in DMSO were recorded on a 
DK-2A Backman Ratio recording spectrophotometer a t 25°C« 
CHAPTER - III 
COORDINATING PROPERTIES OF CHLOROSULPHATE ANION-SYNTHESIS AND 
CHARACTERIZATION OF Sn(II) AND Pb(Il) CHLOROSULPHATES AND THEIR 
COMPLEXES WITH SOME NITROGEN DONORS 
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INTRODUCTION 
The o r g a n o c h l o r o s u l p h a t e s RSOoCl (R= a l k y l or a r y l ) 
have long been used as a r e a g e n t for the s y n t h e s i s of a v a r i e t y 
of organo d e r i v a t i v e s . I n most of the c a s e s ^ t h e y were p repared 
i n - s i t u by a d d i t i o n r e a c t i o n of SOo on co r r e spond ing a l k y l / a r y l 
102-104 
c h l o r i d e , I n some of the c a s e s a n o t h e r g e n e r a l method 
i n v o l v i n g t h e r e a c t i o n of a p p r o p r i a t e a l c o h o l s wi th s u l p h u r y l 
c h l o r i d e has a l s o been used * . The a d d i t i o n r e a c t i o n s of 
SOo wi th o r g a n o s i l a n e s have been shown to produce co r respond ing 
107 108 
o r g a n o s i l i c o n c h l o r o s u l p h a t e s * , e»g«» t r i m e t h y l s i l y l 
c h l o r o s u l p h a t e s , c h l o r o d i m e t h y l s i l y l c h l o r o s u l p h a t e s . These 
o r g a n o s i l i c o n c h l o r o s u l p h a t e s r e p o r t e d to be s u i t a b l e c h l o r o s u l -
107 108 phona t ing agen t * have been u t i l i z e d to p repa re a v a r i e t y 
of a l k y l and a r y l c h l o r o s u l p h a t e s . L a t e r , t h e s e compounds were 
s u c c e s s f u l l y ob t a ined by d i r e c t a c t i o n of HSO3CI on a l k y l and 
109-120 
a r y l d e r i v a t i v e s a t ambient t e m p e r a t u r e . 
121—128 A number of non-meta l and meta l c h l o r o s u l p h a t e s 
have been r e p o r t e d to be s y n t h e s i z e d by c a r r y i n g ou t a d d i t i o n 
r e a c t i o n s of s t o i c h i o m e t r i c amounts of SO3 wi th the a p p r o p r i a t e 
c h l o r i d e s . Th is a d d i t i o n r e a c t i o n g i v e s p r o d u c t s of va ry ing 
104 128 
c o m p o s i t i o n s , e . g . , 2NaCl.S03 to NaC1.2S03 o r NaC1.3S03 
fo r the a l k a l i meta l c h l o r i d e . I n 1960 Waddington and 
129 Klanberg were the f i r s t to use HSO3CI as a c h l o r o s u l p h o n a t i n g 
agent fo r the p r e p a r a t i o n of i o n i c c h l o r o s u l p h a t e s Me.N'*"S03Cl" 
4 1 
and PClJsO^Cl" by d i r e c t r e a c t i o n of t e t r a m e t h y l ammonium 
c h l o r i d e and phosphorous p e n t a c h l o r i d e r e s p e c t i v e l y with HSO^Cl 
i n l i q u i d HCl s o l v e n t . The s y n t h e s i s o.f a good number of i o n i c 
a l k a l i me ta l and a l k a l i n e e a r t h me ta l c h l o r o s u l p h a t e s has been 
25 
r e p o r t e d by Robinson and Ciruna . These c h l o r o s u l p h a t e s were 
o b t a i n e d i n c o r p o r a t i n g the s o l v o l y t i c r e a c t i o n of metal c h l o r i d e s 
wi th e x c e s s of HSO3CI. 
MClj^ + nHSOgCl > M( 30301)^ + nHCl (67) 
Recen t ly a few meta l b i s ( c h l o r o s u l p h a t e s ; , 
1*4(30301)2 [M= Z n ( I I ) , O r ( I I ) , F e ( I I ) , M n ( I I ) , O o ( I I ) , N i ( I I ) , 
50 C u ( I I ) , C d ( I I ) and H g ( I I ) ] , Lanthanon t r i s ( c h l o r o s u l p h a t e s ) , 
M(30301)3 [M= La, Ce, Pr , Nd, Pm, Eu, Gd, Tb, Dy, Er and Yb'J and 
31 39—41 
o x y c h l o r o s u l p h a t e s * have been s y n t h e s i z e d and c h a r a c t e r -
i z e d i n t h i s l a b o r a t o r y . The mode of bonding of c h l o r o s u l p h a t e 
group i n t h e s e compounds has been deduced from the number and 
p o s i t i o n s of bands c h a r a c t e r i s t i c of an ion v i b r a t i o n s and the 
p robab le geometry in most of the c a s e s have been decided by 
4.7 4 g 5-Q 
l i g a n d f i e l d parameters and magnet ic measurement s t u d i e s ' ' . 
The c h l o r o s u l p h a t e i o n , 30301"" which i s the anion of 
the s t r o n g a c i d , HSO3OI, i s weakly b a s i c . I t i s expected to 
have a poor c o o r d i n a t i n g a b i l i t y towards the meta l ions a s 
compared wi th s t r o n g l y b a s i c o rgan i c m o i e t i e s , however, i t s 
- 2 -
c o o r d i n a t i n g s t r e n g t h i s comparable to the a n i o n s CIO4, SO^ 
and S03F~ which are known to be a b l e to c o o r d i n a t e through one 
43 
86,130-132 „ ^, , L ^ 
or more oxygen atoms * , Recently, a large number of 47-49 
complexes have been reported for t r a n s i t i o n metal b i s -
(chlorosulphate) and lanthanide t r i s ( c h l o r o s u l p h a t e s ) with 
organic bases where SO^Cl"" group i s a lso considerably involved 
in coordinat ion to the metal i ons . 
I t was, the re fore , considered of i n t e r e s t to i n v e s t i -
gate the synthet ic u t i l i t y of HSO^Cl to prepare t i n ( I I ) and 
l e a d ( I I ) chlorosulphates and t h e i r adducts with organic bases 
namely, methyl cyanide, pyr id ine , 2 ,2*-b ipyr id ine and acr id ine 
with the view to examining t h e i r s tereochemist ry and the extent 
of coordinat ion of the SO^Cl" anion to the complex ca t i ons . 
Reagents, Pur i f i ca t ion and Prepara t ion of S t a r t i n g Mater ia ls 
and the T i t l e Compounds 
Reagents 
The reagents Pb(CH3C00)2.3H20, PbCl2o2H20 (B.D.H.) and 
SnCl2«2H20 (E. Merck) were dehydrated by standard methods descri-
bed below. Chlorosulphuric acid (Riedel) was used as received. 
Thionyl chloride^^^ 
Thionyl chloride (E. Merck) was distilled by establi-
shed method using all glass apparatus. The colourless fraction 
boiling at 77°C was collected and used immediately. 
4S 
Methyl cyanide (B.D.H.) and p y r i d i n e (E . Merck) were 
used a f t e r d ry ing over ca lc ium hydr ide fo l lowed by d i s t i l l a t i o n . 
2 , 2 ' - b i p y r i d i n e (m.p.70°C) and a c r i d i n e (m.p . l lO^C) (both B.D.H., 
England) were commercial ly pure samples and were used as r e c e i v e d . 
P r e p a r a t i o n of Anhydrous t i n ( I I ) c h l o r i d e , L e a d ( I l ) a c e t a t e / 
134 
c h l o r i d e from t h e i r Hydrated S a l t s 
SnCl2.2H20 or Pb(CH3C00)2.3H20 or PbCl2.2H20 was added 
t o the f r e s h l y d i s t i l l e d a c e t i c anhydr ide (B.D.H.) in a 500 ml 
b e a k e r . The dehydra t ion s t a r t e d i n s t a n t a n e o u s l y with i n t e n s e 
h e a t e v o l u t i o n . The r e a c t i o n mix tu re was kep t for some t imes a t 
room t empera tu r e r e s u l t i n g i n the s e p a r a t i o n of anhydrous s a l t s 
i n the form of f i n e , whi te c r y s t a l s which were then f i l t e r e d to 
d rynes s under s u c t i o n in a c l o s e d system to avoid c o n t a c t of a i r 
and washed s e v e r a l t imes wi th dry e t h e r and f i n a l l y d r i e d in 
vacuum. 
P r e p a r a t i o n of Metal B i s ( C h l o r o s u l p h a t e s ) 
Anhydrous Pb(CH3C00)2f SnCl2 o r PbCl2 (0o25 Mol) was 
g r a d u a l l y added to an exces s of c h l o r o s u l p h u r i c a c i d (25 ml) i n 
a c l o s e d r e a c t i o n v e s s e l . The t empera tu re of the r e a c t i o n was 
ma in t a ined a t 40°C. The s o l u t i o n was m a g n e t i c a l l y s t i r r e d for 
s i x h o u r s . A v igo rous r e a c t i o n took p l a c e . The s o l i d compounds 
formed were f i l t e r e d in vacuo and washed r e p e a t e d l y with c h l o r o -
47 
sulphuric ac id and f ina l ly with th ionyl c h l o r i d e . The compounds 
were dried in vacuo at 40-60°C to a cons tan t weight. 
Preparat ion of^rthe Complexes of Metal Bis(Chlorosulphates) 
The complexes of metal b i s (ch lo rosu lpha tes ) were p re -
pared by r eac t ing freshly prepared hot so lu t i on of t i n or lead 
b i s (ch lorosu lpha tes ) (0.05 Mol) in 25 ml a c e t o n i t r i l e with an 
excess (0 .50 Mol) of hot l igand so lu t ion in a c e t o n i t r i l e taken 
i n a closed reac t ion ves se l . The contents were magnetically 
s t i r r e d for about six hours which r e s u l t e d i n separat ion of 
so l id compounds. I t was f i l t e r e d in vacuo, washed with ace to -
n i t r i l e and f i n a l l y with dry e ther and dr ied in vacuo. The comp-
lexes with a c e t o n i t r i l e were obtained as fol lows. 
Metal chlorosulphates were d isso lved in pure ace to -
n i t r i l e (>-^20 ml) and heated to 60-70°C a f t e r which the so lu t ion 
was abrupt ly cooled below room temperature when a c r y s t a l l i n e 
so l id was obtained. 
Chemical Analysis 
The elemental analysis for sulphur and chlorine were 
135 done gravimetrically according to the established methods 
The metals tin and lead were analysed by carrying out complexo-
metric titrations with ethylenediamine tetracetic acid (EDTA) 
using Eriochrome Black T/PAN indicators. The analysis of carbon, 
48 
hydrogen and nitrogen were obtained directly from the micro-
analytical laboratories. 
Instrumentation 
The i.r, spectra were recorded on Perkin Elmer-621 
Spectrophotometer as Nujol mulls contained, between envelope 
cell of thin polyethylene film sealed from all sides as descri-
bed elsewhere^^"^^*^^. 
-3 The electrical conductivities of 10 M solution of 
the metal chlorosulphate dissolved in acetonitrile were obtained 
using a Systronic type 302 conductivity bridge thermostatted at 
25 + 0.05°C. 
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RESULTS AND DISCUSSION 
Metal B i s ( C h l o r o s u l p h a t e s ) M(S02C1)2 
The r e s u l t s of the e l e m e n t a l a n a l y s e s (Table 2) of 
c o l o u r l e s s s o l i d s S n ( I I ) and P b ( I I ) c h l o r o s u l p h a t e s are in 
agreement w i th the proposed s t o i c h i o m e t r y , M(S02C1)2 of t he se 
compounds. The i r formation may be shown by the fol lowing 
s o l v o l y t i c r e a c t i o n in which HSOoCl s e r v e s bo th as c h l o r o s u l -
phona t ing agen t and medium of r e a c t i o n , i . e . , 
MX2 + 2HSO3CI > M(S03C1)2 + 2HX (68) 
X= CI/CH3COO; M= Sn or Pb 
The i o n i c d i s s o c i a t i o n of a compound in c o o r d i n a t i n g 
s o l v e n t depends on f a c t o r s such as s o l v e n t c o o r d i n a t i n g s t r e n g t h , 
d i e l e c t r i c c o n s t a n t , s o l v a t i o n e n e r g i e s of t he i o n s produced and 
t h e c o o r d i n a t i n g s t r e n g t h of the i o n s towards the metal i o n s . 
Methyl cyanide i s a c o o r d i n a t i n g s o l v e n t s u i t a b l e for conduc t -
ance measurement s t u d i e s of the e l e c t r o l y t e s owing to i t s l a r g e 
v a l u e of d i e l e c t r i c c o n s t a n t which suppor t i o n i c d i s s o c i a t i o n of 
t h e compounds. The e l e c t r i c a l c o n d u c t i v i t i e s of the methyl 
cyanide s o l u t i o n s of S n ( I I ) and P b ( I I ) c h l o r o s u l p h a t e s have been 
measured to i n v e s t i g a t e the e x t e n t of i o n i c d i s s o c i a t i o n of 
t h e s e c h l o r o s u l p h a t e s in t h i s solvent. The magnitude of the 
50 
observed molar conduc t iv i t i e s of 1 m Molar so lu t ion of Sn(II) 
and Pb(II) chlorosulphates (Table 2) are 41 .0 and 38.0 Cm^Mol""'' 
Ohm" r e s p e c t i v e l y . The magnitudes of e l e c t r i c a l conduct ivi ty 
are not only below the range of t yp ica l 2 :1 e l e c t r o l y t e s (100-
160 Cm^Mol'""'"Ohm"'''") but also lower than those reported^^*^^ for 
completely ionized (1:1) e l ec t ro ly te s , , However, observed 
conduct iv i ty of these metal b i s (ch lo rosu lpha tes ) might be due to 
the d ipolar nature of chlorosulphate anion which would favour 
some ionic d i s soc ia t ion in t h i s solvent . 
The mode of bonding of SOoCI" anion to the metal ions 
in these metal b is (chlorosulphate) has been deduced a f te r 
thoroughly examining the observed frequencies c h a r a c t e r i s t i c of 
chlorosulphate group in t h e i r i . r . spec t r a . The c h a r a c t e r i s t i c 
frequencies observed for SO^Cl" group were compared with i . r . 
spectra of ionic chlorosulphates reported by Robinson and 
20 — 
Ciruna . The free SO^Cl anion, as i s expected to ex i s t in 
ionic CsSO^Cl has a C-,^  symmetry and i s shown to exhib i t six 
fundamental v ibra t ions with three doubly degenerate E modes. The 
symmetric SO^ s t re tching mode, '^ i (A) has been shown to be much 
sens i t i ve and undergoes pos i t ive sh i f t i f there e x i s t s an 
increased cat ion-anion i n t e r a c t i o n in metal chlorosulphates as 
has been observed in LiS03Cl^°, 03(30301)2^°, Cr02(S03Cl2)'^°''^''", 
MnO.50301^^, M(30301)2 [M= Z n ( I I ) , C d ( I l j , Hg( I I ) , C r ( I l ) , 
Mn(II) , F e ( I I ) , Co(II ) , Ni ( I I ) and Cudl)]^"^ and M(S03C1)3 50 [M=: La, Ce, Pr, Sm, Gd, Dy and Er] , Furthermore the degenerate 
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fundamental mode undergoes considerable splitting suggesting the 
existence of appreciably covalent bonding through one or two 
oxygen atoms of the SO^Cl" group to the metal ions. The chloro-
sulphate group in these compounds exhibits in all nine fundamen-
137 138 tals attaining a reduced Cs symmetry t-^^^^ 
The i.r. spectra of Sn(II) and Pb(II) chlorosulphates 
(Table 3) contain bands which may be assigned considering a Cs 
symmetry for SOgCl"" group. The S-Cl stretching V 2(A) and S-Cl 
wagging '\) AE) vibrations which were not observed directly in 
earth netal 
alkali and alkalineichlorosulphate have, however, appeared in 
these chlorosulphates as medium intensity bands nearly at their 
20 
estimated positions . A positive shift in symmetry stretching 
mode of SO^Cl" group, S) ,(A) vibration (1070 cm"" ) compared to 
20 that reported for ionic CsSO^Cl has been observed. However, 
47 48 50 its position is quite comparable with those reported * * for 
Covalent chlorosulphates. The positive shift in S> •j^(A) and the 
splitting of the generate E modes of vibration \) AE) and Y) ^(E) 
giving in all nine fundamental frequencies for SO^Cl" group, 
suggest an appreciable cation-anion interaction. 
The symmetry lowering of SO^Cl' group may also arise 
in the tridentate mode of coordination of SOoCl" group in non-
identical manner, i.e., in which one oxygen atom is strongly 
130 
bonded than the other two oxygen atoms similar to those reported 
for SO^F" group in Cu(II) bis(fluorosulphate), The mode of 
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linkage of SOXl" in the present metal ch lorosu lpha te , therefore , 
appears to be d i f ferent from tha t reported for Z n ( I I ) , Cd(I l ) and 
Hg(II) b i s (ch lorosulphates ) where the degenerate v ib ra t ions did 
not show any s p l i t t i n g . This has been suggested to be due to the 
exis tence of t r i den t a t e SO^Cl" in which a l l the three basic 
oxygen atoms are coordinated to metal ion in equivalent manner. 
Complexes of Metal Bis(chlorosulphates) [MLj^(50301)2], [n= 2, 
Acr, Bipy; n= 4 , MeCN, Py] 
The r e s u l t s of the elemental analyses (Table 2) suggest 
t ha t pyr idine and methyl cyanide complexes of Sn(I l ) and Pb(II) 
chlorosulphate are formed in a 1:4 metal to organic lioand r a t i o 
suggesting t h e i r stoichiometry as ML^CSOgCl)^ whereris the 2 , 2 ' -
b ipyr id ine and acridine complexes are found in 1:2 met^l to 
l igand r a t i o cons is ten t with tho composition as MLp(S02Cl)2« 
The complexes have been ch-Trncterized by recording 
t h e i r i . r . spectra and the molar conductance values in order to 
examine the mode of linkage of anion SOoCl" with thp complex 
2+ ca t ion [ML ] . The observed magnitudes of molar conductivies 
of the complexes are much lower than those observed for the 
Corresponding metal b i s (ch lorosu lpha tes ) (Table 2) suggesting a 
covalent l inkage of the anion to the Comdex ca t ion . The i . r . 
spectra provide ample evidence th-^t the SO^Cl" grouo i s suf f i -
c i e n t l y coordinated tc the complex cat ion [ML^]'^'^ and [//.L^] "*". 
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The ioT. spectra of these complexes show medium to strong 
intensity bands with sufficient frequency shifts as compared 
with frequency of bands observed in ionic chlorosulphates having 
C^^ symmetry. The shift in symmetric SOo stretching vibration 
\)j^ (A) can be assigned if free SO^Cl" group acquires Cs symmetry 
when bonded to complexes cations [ML^] and [ML2^ '^» ^ ^^ s^e 
results are quite compatible with those observed for correspond-
ing Pb(II) and Sn(II) chlorosulphates suggesting a considerable 
covalent bonding between the SO^Cl" group and the metal ions. 
The splitting of doubly degenerate V ^ C E ) , "\) C(E) and \)^(E) 
mode further not only corroborates the above arguments (Table 3) 
assignable to bonded SOoCl" group but also exhibit bands arising 
from coordinated ligand molecules. It is evident from the 
table 3 that the position of symmetric S07 stretch vibration 
\)i(A) is quite comparable to that observed for. corresponding 
Pb(II) and Sn(II) chlorosulphates and other covalent chlorosul-
phates. The position of the bands, therefore, lies in the fre-
quency range consistent with the existence of the covalent bond-
ing between the SOoCl" group and the metal ions. The splitting 
of doubly degenerate "^^(E), V5(E) and V^(E) mode further 
supports the above argument suggesting that in the complexes too 
the symmetry of the anion is a reduced Cs symmetry. 
The freouencies characteristic of the coordinated ligand 
molecules may be briefly discussed in the following paragraph: 
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The free pyridine molecule exhibits three important 
ring vibrations, 6a and 8a vibrations (in plane ring deforma-
tions) appearing at 601 and 1578 cm" respectively , while the 
16b vibration (out-of-plane ring deformation) is observed at 
403 cm" . It has been indicated®*"**^ "'" that the positions of the 
two lower bands are sensitive and undergo a positive shift after 
Coordination, It is evident from the table 3, that all the three 
ring vibrations bands are sufficiently positively shifted sugges-
81 ting the coordination of pyridine to the metal ions . The 
appearance of the doubling of the 8a mode may probably be due 
either to the intermolecular or intra-molecular interactions of 
the different pyridine molecules in the crystal lattice. 
Methyl cyanide exhibits eight normal modes of vibra-
71 tions . Four of these belong to the degenerate E modes. It 
has been indicated that this molecule may coordinate through 
/L'3 'ir\ 'If. "in 
nitrogen atoms * " as well as via the triple bond . The 
position of all the characteristic vibrations is considerably 
affected when methyl cyanide is coordinated to the metal ions. 
However, a positive shift in the U -CSN stretching frequency 
has been deduced to be diagnostic for its coordination through 
nitrogen atoms. It is apparent from the table 3 that both the 
methyl cyanide complexes of Pb(II) and Sn(II) chlorosulphates 
show a Considerable positive shift in nitrile (-C^N) vibration 
Confirming complexation through the nitrogen atomo 
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In free 2,2'-bipyridine, the out-of-plane ring deform-
ation 16b vibration occurs at about 402 cm" and in plane ring 
deformation 6a and 8a are observed at 619 and 1590 cm" respect-
82 ively , It has been suggested that the two lower frequency 
bands are sensitive, undergoing a positive shift on coordination 
to the metals. The bipyridine complexes in the present cases 
too, exhibit considerable positive shift (Table 3) of the ring 
49 82 
vibration as reported * earlier. 
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The free acridine shows two strong bands at 1515 and 
1555 cm"" attributable to the C=C and C=N stretching vibrations 
which are shifted to higher wave number if the ligand is coordi-
nated through the nitrogen atom. In the present acridine comp-
lexes a considerable positive shift (Table 3) of these bands has 
83 84 been recorded similar to that reported * in Sn(IV) and Ge(IV) 
halide adducts. This positive shift in these bands indicates 
the coordination of the acridine molecules with the metal ions. 
C h a p t e r IV 
REDOX REACTIONS IN HSO3CI 
SOLVENT SYSTEM-FORMATION OF 
DIBROMOIODINE(III) CATION 
58 
INTRODUCTION 
Strong acidic ionizing solvents like anhydrous H2SO4 , 
"2^2°? *^^* HS03F^ and HS03C1^ and super acids, SbF^-3S03.HS03F, 
139 140 
^'^^5~^^3*^2^2^7 ^^® well known ' suitable media for the study 
of the formation and stabilization of cationic species viz., 
halogen cations, interhalogen cations, carbonium ions and poly-
atomic cations containing elements in low oxidation state. These 
non-aqueous solvents are highly acidic in nature producing the 
anions of very low basicity and are, therefore, suitable for stab-
141 
ilizing the polyatomic cations which are strong Lewis acids. Mason 
was the first who carried out conductometric investigations on the 
solutions of iodine and iodosylsulphate in concentrated sulphuric 
+ + 
acid. He proposed that the cations I3 and I^ remain as stable 
cationic species in the solution but the cation I undergoes dis-
proportionation to I^ ai^ d lO"*". Later, Symon and coworkers on 
the basis of conductometric and spectroscopic studies, investigated 
the existence of l"*^  cation in the blue coloured solutions of iodine 
in oleum, 
Gil lespie and coworkers have carried out conducto-
metric and cryoscopic invest igat ions on the solutions of iodine 
and a few of i t s compounds in H2SO4, HSOoCl and oleum in order to 
resolve the controversy on the nature of the blue solutions of 
10,23 
iodine in these strong acidic media. According to these workers 
the blue colour i s due to the ca t ion ic species I^ . They have also 
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confirmed the e x i s t e n c e of o t h e r c a t i o n i c s p e c i e s it, I't and i t 
under s u i t a b l e cond i t ionso 
The e x i s t e n c e of the mixed halogen c a t i o n ICI2 was for 
14 3 144 the f i r s t t ime demonstra ted from the c r y s t a l l o g r a p h i c da ta ' 
on the adduc t s ICl-a-AlCl- and ICl^ -SbCl^ . The s y n t h e s i s of the 
s a l t of t h i s c a t i o n i . e . , ICI2-SO2F has been r e p o r t e d by Aubke 
o 
and Cady as a low me l t ing impure s o l i d . During the l a s t two 
decades the format ion and s t a b i l i z a t i o n of mixed polyatomic 
c a t i o n s v i z . , I C l t , I B r l , loCl''^ and l2Br'*" have been i n d i c a t e d 
i n H^SO^ and H^S^O-. The c a t i o n s I C l t and IBr2 have been 
o b t a i n e d by d i s s o l v i n g CI2 and Br2 in H2S0^ s o l u t i o n s of I2 
and HIO- i n the mole r a t i o l2/HI02= 2 . 0 . However, the c a t i o n s 
I^Cl"*", IpBr"*" a re produced on the a d d i t i o n of ICl and IBr r e s p e c t -
i v e l y i n H2SO4 s o l u t i o n s compr i s ing I2 and HIO^ in the mole r a t i o 
l2/HI0-3= 2 , 0 . Formation of s i m i l a r type of the mixed polyatomic 
3 4 
c a t i o n s have a l s o been e s t a b l i s h e d * i n o t h e r non-aqueous 
s o l v e n t systems v i z . , H^SO^^^' ^"^^, H2S207-'--^, HS03CF3-'-^-^ and 
27 HS03F^' . 
146 The p r e s e n t work d e a l s w i t h the s tudy of mode of 
i o n i z a t i o n of few halogen compounds in the p re sence of an 
o x i d i z i n g a g e n t , HSO^Cl with a view to i n v e s t i g a t i n g the redox-
r e a c t i o n s l e a d i n g to the format ion of IBr^ i n s o l u t i o n as a 
s t a b l e e n t i t y . 
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Reagents and Their Purifications 
Pure chlorosulphuric acid (Riedel) was used. Potassium 
iodide and bromine (reagent grade BDH) were used as such HIO^ and 
Ip were purified according to the reported methods given below: 
147 Purification of Iodine 
Commercially available iodine was intimately mixed 
with KI and kept at the closed end of a 24 inches long glass tube 
whose open end was plugged with cotton. The iodine was sublimed 
by slowly heating and after cooling the shining crystals deposited 
on the wall of the tube were carefully collected. 
148 Purification of Iodic Acid 
Aqueous solution of iodic acid was mixed with an equal 
volume of concentrated nitric acid and it was evaporated to one 
third of its original volume. On cooling the crystalline form of 
iodic acid was separated out. It was then filtered, washed and 
dried in an oven at 80°C temperature. 
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Table 4: Specific conductance of solutions of potassium 
chloride in chlorosulphuric acid at 25°C. 
Set - 1: Weight of chlorosulphuric acid = 50.92 gm. 
Molon Specific conductance 
(WxlO^) (KxlO^ ohm'-'-cm"-'-) 
0.1500 1.206 
0.2875 lo742 
0.4250 2.278 
0.5750 2.814 
0.7500 3.417 
Oo8750 4.020 
lo0250 4.422 
1.1375 4.757 
1.3375 5.494 
1.5020 6.030 
1,6750 6.656 
1.8125 7.033 
1.9750 7o504 
2.1000 7o906 
2.2510 8c375 
Table 4 : 
S e t - 2 : Weight of c h l o r o s u l p h u r i c a c i d = 55 .53 gm. 
62 
Mo Ion 
(WxlO^) 
S p e c i f i c conductance 
(KxlO"^ohni"-'-cm"^) 
0.0000 
0.3964 
0 .5341 
0.6640 
0.8625 
0.9910 
1.1340 
1.2462 
1.4464 
1.6110 
1.7840 
1.9214 
2 .0840 
2 ,3011 
2.4004 
1.2725 
2.0112 
2 .6253 
3.2219 
3.8330 
4 .4400 
5 .0051 
5.7050 
6„3329 
6.9920 
7.5025 
8.2342 
8.8450 
8.9930 
9.3250 
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Table 5 : S p e c i f i c conductance of potass ium iod ide in nea t 
c h l o r o s u l p h u r i c a c i d a t 25°C. 
Se t - 1: Weight of c h l o r o s u l p h u r i c a c i d = 60.4997 gm. 
Mo Ion 
(WxlO^) 
Specific conductance 
(KxlO^ohm'-^cm"'-'-) 
0 .00000 
0.00310 
0.00490 
0.00530 
Oo00700 
0.00850 
Oc01033 
0.01244 
0.01493 
0.01654 
0.01852 
0.02064 
0.02198 
0.4815 
0.9062 
l o l354 
lo4508 
1.7557 
1.9975 
2 .3129 
2 .2749 
2 .8470 
3.1119 
3 .2801 
4 . 0 7 9 1 
4 .2788 
Table 5: 
Set - 2: Weight of chlorosulphuric acid = 50.92 gm. 
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Melon 
(WxlO^) 
Specific Conductance 
(KxlO^ ohin'^ cin"-^ ) 
0.0000 
0.0079 
0.0093 
0.0105 
0.0127 
0.0141 
0.0170 
0.0185 
0.0199 
0.0250 
0.0270 
0.0290 
0.0334 
0.0370 
0.5001 
0.9973 
1.2502 
lo5001 
1.8123 
2.1239 
2.4007 
2.7390 
3.3526 
3.2039 
3.5002 
4.0030 
4.4030 
4.9530 
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Table 6: Specific conductance of potassium iodide solution in 
chlorosulphuric acid containing bromine. 
Set - 1; (a) 59.194 gm of chlorosulphuric acid was initially 
used as solvent, 
(b) Initial concentration of bromine in chlorosul-
-2 -1 phuric acid = Io68xl0 mole kg solution. 
Molar ratio 
(Kl/Br2) 
Specific conductance 
(Kxl0^ ohm"*-'-cm''-'-) 
0.0000 
0.1652 
0.2603 
0.3390 
0.4245 
0.5069 
0.6020 
0.7139 
0.8470 
0.9326 
1.0382 
1.1264 
1.2399 
1.3112 
0,4468 
1.0071 
1.4823 
1.7662 
2.0500 
2.3759 
2.6703 
3.0276 
3.4093 
3.8057 
4.1211 
4,5100 
5.0989 
5.4563 
Table 6 
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Set - 2 : (a) 55.9023 gm of chlorosulphuric acid was i n i t i a l l y 
used as so lvent . 
(b) I n i t i a l concentra t ion ofbromine in ch lorosul -
-2 - 1 
phuric acid=2o70xl0 mole kg so lu t ion . 
Molar r a t i o 
(KI/Br2) 
Specific conductance 
(KxlO^ ohm"'-'-cin''-'-) 
OoCXXDO 
0.2256 
0.3932 
0.4501 
0.5302 
0.6059 
0.7135 
0.8254 
0.9339 
1.2930 
1.1383 
1.2375 
1.3323 
1.4223 
0.4478 
0.6652 
0.9932 
1.2356 
1.5503 
1.7939 
2.1002 
2.3983 
3.7720 
4.0230 
4.4230 
4.8897 
5.6203 
.5.9332 
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Table 7 : S p e c i f i c conductance of Iod i c a c i d in nea t c h l o r o -
s u l p h u r i c ac id a t 25°C. 
Se t - 1: 69 .64 gm of c h l o r o s u l p h u r i c a c i d was i n i t i a l l y taken 
as s o l v e n t . 
Mo Ion 
(WxlO^) 
S p e c i f i c conductance 
(KxlO'^ ohm'-'-cm""'-) 
0.000000 
0.000390 
0.004250 
0.006970 
0.010208 
0.016509 
0.019210 
0.022610 
0.024610 
0.027780 
0.029560 
0.031930 
0.033500 
0.035280 
0.4962 
0.5908 
0.7800 
1.1879 
1.4823 
2.0080 
2.4982 
2.6493 
2.8701 
3.0803 
3.4903 
3.6691 
3.9424 
4.1632 
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Table 7: 
Se t - 2 : 75.0052 gm of nea t c h l o r o s u l p h u r i c a c i d was i n i t i a l l y 
used as s o l v e n t . 
Melon 
(WxlO^) 
S p e c i f i c conductance 
(KxlO^ ohm^-^cm"-'-) 
0 .00000 
0.00028 
0,00631 
0.01035 
0.01535 
0.01983 
0.02209 
0.02634 
0.02830 
0.03339 
0.03500 
0.03780 
0.04000 
0.04283 
0.04693 
0.04890 
0.04999 
0.05235 
0.4962 
0.6805 
0.8934 
0 .9935 
1.2501 
1.4002 
1.7004 
2 .0123 
2.4004 
2 .9801 
3.2320 
3.5998 
4 .0332 
4 .3345 
4 .8590 
4 .9993 
5.3020 
5o7009 
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Table 8: Specific conductance of solut ions of iodic acid in 
chlorosulphuric acid containing bromine. 
Set - 1: (a) 59.194 gm of chlorosulphuric acid was i n i t i a l l y 
used as solvent . 
(b) I n i t i a l concentrat ion of bromine in ch lo rosu l -
-2 - 1 
phuric acid = 1,234x10 mole kg so lu t ion . 
Molar r a t i o 
(HI03/Br2) 
Specific conductance 
(KxlO^ ohm'-'-cm"-'-) 
0.0000 
0.2483 
0.4054 
0.6661 
0.9749 
1.5784 
1.8376 
2.1649 
2.3568 
2.6616 
2.8326 
3.0616 
3.2148 
3.3843 
3.8122 
3.9754 
0.4575 
0.8063 
1.0492 
1.4928 
2.5126 
2.7965 
3.1013 
4.1001 
3.9634 
4.7835 
4.7624 
5.2040 
5.0989 
5.6561 
5o9399 
6.3079 
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Table 8: 
Set - 2 : (a) 60.5555 gm of chlorosulphuric acid was i n i t i a l l y 
used as so lvent . 
(b) I n i t i a l concentrat ion of bromine in ch lo rosu l -
-2 - 1 
phuric acid = 1,234x10 mole kg Solut ion . 
Molar r a t i o 
(HI03/Br2) 
Specific conductance 
(KxlO^ ohm"-^ cm~-'-) 
0.0000 
0.3012 
0.5135 
0.7792 
1.0039 
1.6820 
1.9023 
2.1930 
2.4590 
2.7802 
2.9502 
4.3103 
4.4000 
4.8321 
5.2000 
5.3012 
0.4683 
0.9005 
lc l230 
1.5099 
2.9300 
3.7001 
3.6520 
4.2105 
4.2100 
4.8550 
5.2501 
5.7000 
6.2012 
6.8325 
7.0998 
7.7055 
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Table 9: Specific conductance of iodine in chlorosulphuric 
Set - 1; 
o. acid Containing bromine at 25*^0. 
(a) 41.784 gm of chlorosulphuric acid i n i t i a l l y 
taken as solvent , 
(b) I n i t i a l concentra t ion of bromine in ch lo rosu l -
-2 - 1 
phuric acid = 2,392x10 mole kg so lu t ion . 
Molar ratio 
(lo/Br2) 
Specific conductance 
(KxlO^ ohm'-^ cm"-'-) 
0.0000 
0.1013 
0.2230 
0.3366 
0.4704 
0.5840 
0.6448 
0.7868 
0.8882 
1.0139 
1.1559 
1.2370 
1.3303 
0.4846 
0.5246 
0.6181 
0.6192 
0.6528 
0.7022 
0.7296 
0.7622 
0.7958 
0.8326 
0.8326 
0.9104 
0.9335 
Table 9 : 
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Set - 2 : (a) 51.0082 gm of chlorosulphuric acid i n i t i a l l y 
was taken as solvento 
(b) I n i t i a l concentrat ion of bromine in chloro-
sulphuric acid = 2.4082x10"'^ mole kg" 
so lu t ion . 
Molar r a t i o 
ds/Brg) 
Specific conductance 
(KxlO^ ohm'-'-cm"-'') 
0.00000 
0.12012 
0.27250 
0.39980 
0.53170 
0.67010 
0.79030 
0.91350 
1.04530 
1.17980 
1.35820 
1.47030 
0.4999 
0.5402 
0.6491 
0.6519 
0.6907 
0.7503 
0.7993 
0.8234 
0.8226 
0.8620 
0.9111 
0.9405 
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Table 10: Conductometr ie t i t r a t i o n of bromine wi th (HI0o-0 .6 Ip ) 
i n c h l o r o s u l p h u r i c ac id a t 25°C. 
Se t - 1 : ( a ) 50.498 gm of c h l o r o s u l p h u r i c a c i d was taken as 
s o l v e n t . 
(b ) I n i t i a l c o n c e n t r a t i o n of i od ine in c h l o r o s u l -
- 2 -1 
phur ic ac id=l .187x10 mole kg s o l u t i o n . 
( c ) I n i t i a l c o n c e n t r a t i o n of i o d i c a c i d in c h l o r o -
- 3 - 1 
su lphur i c ac id = 1.97x10 mole kg s o l u t i o n . 
Molar r a t i o Spec i f i c conductance 
[ Br2/(0.6l2-HI03)] ( KxlO^ ohm'-'-cm""'-) 
0 .0000 0.9356 
0.5407 0.9377 
lo0371 0.4419 
1.4526 0.9503 
1.8078 0.9588 
2 .0309 0.9577 
2.2552 0.9577 
2 .6155 0.9556 
3.0458 Oc9556 
3 .3133 Oo9556 
3.7402 0.9567 
4 .1125 0 .9567 
Table 10: 
74 
S e t - 2 : ( a ) 60.0329 gm of c h l o r o s u l p h u r i c ac id was used as 
s o l v e n t . 
I n i t i a l c o n c e n t r a t i o n of i o d i n e in c h l o r o s u l -(b ) 
( c ) 
- 2 - 1 
phur ic acid=2,835x10 mole kg s o l u t i o n . 
I n i t i a l c o n c e n t r a t i o n of i o d i c ac id i n c h l o r o -
- 2 ~1 
su lphur i c a c i d = 0.472x10 mole kg s o l u t i o n . 
Molar r a t i o 
[ B r 2 / ( 0 . 6 l 2 - H I 0 3 ) ] 
Spec i f i c conductance 
(KxlO^ ohm""-'-cm~-'-) 
0 .0000 
0.7884 
1.4035 
1.9312 
2.3074 
2 .7832 
2 .9313 
3.3523 
3.5903 
3 .9123 
4 .1398 
4 .2389 
4 .3372 
4 .4312 
1.0978 
1.0999 
1.1953 
1.1979 
1.1999 
lo2002 
1.2132 
1.2177 
1.2167 
1.2167 
1.2188 
1.2189 
1.2189 
1.2189 
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Table 11; 
Set - 1 
Conductometrie t i t r a t i o n of bromine with l2/K2S20g 
(1:1) solut ion in chlorosulphuric acid solvent 
system at 25°C temperature. 
(a) 85<,820 gm of chlorosulphuric acid was i n i t i a l l y 
used as solvent 
(b) I n i t i a l concentrat ion of iodine in ch lo rosu l -
—3 - 1 
phuric acid = 5.82x10 mole kg so lu t ion . 
(c) I n i t i a l concentrat ion of ^28200 in ch lo rosu l -
phuric acid = 5»82XIQ"" mole kg*" so lu t ion . 
Molar ra ' 
[ B r 2 / ( l 2 -
t i o 
-K2S2O8)] 
( 1 : 1 ) 
0 .0000 
0 .2235 
0 .4415 
0.6684 
0 .8720 
1«0766 
1.3046 
1.4537 
1.5827 
1.7329 
1.8864 
2 .0087 
2 .2323 
2 .2990 
2 .4547 
2 .5949 
2 .7951 
3 .1043 
3 .2000 
3.3646 
3 .5425 
3.7172 
3.8918 
Spec i f i c conductance 
(KxlO^ ohm'-'-cm"-'-) 
2 .2077 
2 .2918 
2.3444 
2.3864 
2 .4285 
2 .4495 
2.4706 
2 .5073 
2 .5179 
2.5336 
2 .5441 
2 .5547 
2 .5698 
2 .5862 
2 .5967 
2 .6125 
2 .6283 
2o6598 
2 .6808 
2 .6913 
2 .7039 
2 .7229 
2.7334 
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Table 11 
Set - 2 : (a) 70o7503 gm of chlorosulphur ic acid was i n i t i a l l y 
used as solvent . 
(b) I n i t i a l concentra t ion of iodine in ch lorosul -
—2 1 
phuric acid= 6.23x10 mole kg so lu t ion . 
(c) I n i t i a l concentra t ion of K2S20g in ch lorosu l -
phuric acid= 6.23x10"' mole kg" so lu t ion . 
Molar ratio 
[Br2/(l2-K2S208^^ 
(1:1) 
Specific Conductance 
(KxlO^ ohm"-'- cm"-"-) 
0.0000 
0,1123 
0.2284 
0.3481 
0.4132 
0.5637 
0.6631 
0.7690 
0.8634 
0.9999 
1230 
2103 
3325 
4433 
5877 
6832 
7329 
8037 
8893 
9032 
9738 
1133 
3325 
4830 
6000 
6835 
2.7709 
2.9031 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3, 
3, 
3 
3 
3 
3 
,23890 
.31100 
,39340 
,42350 
.43870 
.55830 
.60650 
.71000 
,80200 
,83319 
.85030 
,89030 
.91300 
,93200 
.94400 
,95930 
.96310 
,97000 
,98120 
.99930 
, 00010 
,01320 
,04070 
,06660 
.07830 
,09350 
,10030 
3.11320 
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Table 12: S p e c i f i c conductance of bromine in c h l o r o s u l p h u r i c 
ac id c o n t a i n i n g 2I2 + HIO^ ( 2 : 1 molar r a t i o ) a t 25°C, 
Se t - 1 : ( a ) 41.784 gm of c h l o r o s u l p h u r i c a c i d i n i t i a l l y 
t aken as s o l v e n t . 
(b ) I n i t i a l c o n c e n t r a t i o n of i o d i n e taken in chloro-
- 2 - 1 
s u l p h u r i c ac id= 4.786x10 mole kg s o l u t i o n . 
( c ) I n i t i a l c o n c e n t r a t i o n of HIO^ taken in c h l o r o -
- 2 - 1 
su lphu r i c acid= 0.393x10 mole kg s o l u t i o n . 
Molar r a t i o 
[Br2 / (2 l2+HI03) ] 
S p e c i f i c Conductance 
(KxlO^ ohm"-"- cm"-*-) 
0 .0000 
0.7402 
l c l l 5 9 
2 .3901 
2 .8789 
4 .0345 
5.5758 
6c8500 
7.8778 
7„ 9404 
8«4200 
9 .2070 
10o5550 
3o8160 
5.8873 
6.5497 
7„6956 
7.8007 
8,2528 
8.5758 
8.6208 
8,7364 
8 .8310 
8 .8521 
8„8521 
8 .8521 
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Table 12: 
Set - 2 : (a) 47o555 gm of chlorosulphuric acid i n i t i a l l y 
taken as so lvent . 
(b) I n i t i a l concentrat ion of iodine taken in 
-2 - 1 
chlorosulphuric acid = 4,1025x10 mole kg 
solut ion, 
(c) I n i t i a l concentra t ion of HIO^ taken in ch loro-
-2 - 1 
sulphuric acid = 1.9588x10 mole kg solut ion. 
Molar r a t i o 
[BrV(2Io+HI0^)] 
Specific conductance 
(KxlO^ ohm'-'-cm"-'-) 
0.0000 
0.5298 
0.7992 
1.0838 
1,3934 
1.8144 
2.2381 
2.8730 
3.4247 
4.0600 
4.5541 
5.0984 
5.7165 
6.4608 
3.6060 
5.0989 
5.9820 
6.3079 
6.4971 
6.8546 
7.0228 
7.6115 
7,7587 
7,8323 
7.9900 
8.1161 
8.1161 
8.1161 
Table 12: 
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Set - 3 : (a) 40.9136 gm of chlorosulphuric acid was 
i n i t i a l l y used as solvent . 
(b) I n i t i a l concentra t ion of iodine taken in 
-2 - 1 
chlorosulphuric acid = 2.4440x10 mole kg 
solut ions 
(c) I n i t i a l concentra t ion of iodic acid taken in 
-2 - 1 
chlorosulphuric acid = 1.167x10 mole kg 
so lu t ion . 
Molar r a t i o 
[Br2/(2l2+HI03)] 
Specific conductance 
(KxlO^ ohm~-'-cm"'-'-) 
0.0000 
1.1506 
3.2544 
4.2899 
5.8560 
7.7450 
8.1389 
9.0174 
10.0837 
2.0395 
3.5219 
4.4155 
4.7519 
4.8781 
4.9937 
5.0883 
5.2040 
5.2040 
80 
Table 12: 
S e t - 4 : * ( a ) 40 .043 gm of c h l o r o s u l p h u r i c a c i d was 
i n i t i a l l y used a s s o l v e n t . 
(b ) I n i t i a l c o n c e n t r a t i o n of iod ine taken in 
-2 - 1 
c h l o r o s u l p h u r i c ac id = 1,2486x10 mole kg 
s o l u t i o n . 
( c ) I n i t i a l c o n c e n t r a t i o n of HIO^ taken in c h l o r o -
- 3 - 1 
su lphur i c a c i d = 6,2393x10 mole kg s o l u t i o n . 
Molar r a t i o 
[Br2/t2l2+HI03)] 
Spec i f i c Conductance 
(KxlO"^ ohm"-^cm~-'-) 
0 .0000 
2,1154 
2,6185 
4 .6732 
6 ,0781 
7.0923 
9 .3191 
10,5195 
11,6684 
11,8101 
11,9923 
1,9300 
2,3759 
2 ,5021 
2 .8911 
2 .9647 
3.0067 
3,1013 
3,1434 
3.2065 
3.2065 
3.2065 
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Table 12: 
Set - 5 : (a) 54.8415 gm of chlorosulphuric acid i n i t i a l l y 
used as so lvent . 
(b) I n i t i a l concentrat ion of iodine taken in chloro-
-2 - 1 
sulphuric acid = 5.4701x10 mole kg so lu t ion . 
(c) I n i t i a l concentrat ion of iodic acid taken in 
-2 - 1 
chlorosulphuric acid = 2.7344x10 mole kg 
so lu t ion . 
Molar r a t i o 
[Br<./(2Io+HI0^)] 
Specific conductance 
(KxlO^ ohm"-'-cm"'-^ ) 
0.0000 
0.6067 
1.5088 
2.3718 
3.1476 
3.9236 
4.8901 
5.6256 
6.5521 
7.3738 
7.4592 
4.1106 
5.9504 
7.2120 
8.3685 
8.6944 
9.0308 
9ol675 
9c3887 
9o3777 
9o3777 
9.3777 
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Table 12: 
S e t - 6 : ( a ) 47.598 gm of c h l o r o s u l p h u r i c a c i d was i n i t i a l l y 
used as s o l v e n t . 
(b ) I n i t i a l c o n c e n t r a t i o n of iod ine taken in 
- 3 - 1 
c h l o r o s u l p h u r i c ac id = 2.0859x10 mole kg 
s o l u t i o n , 
( c ) I n i t i a l c o n c e n t r a t i o n of HIOo in c h l o r o s u l -
- 3 - 1 
phur ic ac id = 1.045x10 mole kg s o l u t i o n . 
Molar r a t i o 
[ B r V ( 2 I o + H I 0 ^ ) ] 
Spec i f i c conductance 
(KxlO^ ohm~-*-cm~-'-) 
0 .0000 
2 .0771 
3 .8841 
5.3046 
6 .5621 
8.7836 
14.2330 
0.7884 
0 .9251 
0.9987 
lc0618 
1.0723 
1.0723 
1.0723 
Table 12: 
83 
Set - 7 : (a) 45.358 gin of chlorosulphuric acid i n i t i a l l y 
was used as solvent . 
(b) I n i t i a l concentra t ion of iodine taken in 
-2 - 1 
chlorosulphuric acid = 2.6719x10 mole kg 
( c ) 
solut ion. 
I n i t i a l concentrat ion of iodic acid taken in 
chlorosul] 
so lu t ion . 
-2 - 1 
chlorosulphuric acid = 1.3346x10 mole kg 
Molar r a t i o 
[Br2/(2l2+HI03)] 
Specific conductance 
(KxlO^ ohm"-^cm~'^ ) 
0.0000 
0.4020 
IcOOSO 
1.5410 
2.2110 
2.8140 
3.4840 
4.2210 
4.6230 
5.8290 
8.7000 
8.0400 
9.0450 
9.3800 
9.3800 
10.0500 
2.3900 
3.1900 
3.9200 
4.4500 
5.0510 
5.5101 
5.8502 
6.0510 
6.2500 
6.4501 
6.5820 
6.6103 
6.6500 
6.6501 
6.6510 
6.6502 
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Table 12: 
Set - 8 : (a) 43.562 gm of chlorosulphuric acid was i n i t i a l l y 
used as solvent . 
(b) I n i t i a l concentrat ion of iodine in ch lo rosu l -
-2 - 1 
phuric acid = 3.060x10 mole kg so lu t ion . 
(c) I n i t i a l concentrat ion of iodic acid in ch loro-
-2 -1 
sulphuric acid = 1.529x10 mole kg so lu t ion . 
Molar r a t i o Specific conductance 
[BrV(2I^+HI0_)] (KxlO^ ohm~-'-cm~ )^ 
0.000 3.251 
0.402 3o990 
0o871 4.652 
lc540 5.450 
2.471 6.181 
3.410 6o511 
4.150 6.840 
5.392 7.240 
6.431 7.382 
7o301 7.411 
8.240 7o410 
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Table 12: 
Se t - 9 : ( a ) 45.5234 gm of c h l o r o s u l p h u r i c a c i d was 
i n i t i a l l y used as s o l v e n t . 
(b ) I n i t i a l c o n c e n t r a t i o n of i od ine taken in 
—2 - 1 
c h l o r o s u l p h u r i c ac id = 3.1060x10 mole kg 
s o l u t i o n . 
( c ) I n i t i a l c o n c e n t r a t i o n of i o d i c ac id taken in 
- 2 - 1 
c h l o r o s u l p h u r i c ac id = 1.539x10 mole kg 
s o l u t i o n . 
Molar r a t i o Spec i f i c conductance 
[Br2 / (2 l2+Hl03) ] (KxlO"^ ohm'^ -'-cm'"-'-) 
0 .0000 3.34 
0 .4120 3 .97 
0o8239 4 . 7 0 
1.5552 5 .50 
2 .4320 6 .29 
3.4298 6 . 5 1 
4 .1582 6 .93 
5.3980 7c14 
6.5200 7o39 
7.4020 7o44 
So 3900 7o44 
9«5600 7.44 
Table 12: 
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Set - 10: (a) 58.8445 gm of chlorosulphuric acid was 
i n i t i a l l y used as solvent . 
(b) I n i t i a l concentra t ion of iodine taken in 
-2 - 1 
chlorosulphuric acid = 5.702x10 mole kg 
( c ) 
solution, 
I n i t i a l concentra t ion of iodic acid taken in 
chlorosuJ 
solut ion. 
-2 —1 
chlorosulphuric acid = 2,7890x10 mole kg 
Molar r a t i o 
[Br2/(2l2+HI03)] 
Specific conductance 
(KxlO^ ohm~-'-cm~-'-) 
0.0000 
0o6176 
lo6072 
2.4821 
3.1620 
3.9003 
4.9801 
5.7123 
6.7230 
708020 
4„1256 
5.9400 
7.3320 
806O75 
8 .,7994 
9.1200 
9.4575 
9o6808 
9o6803 
9.6803 
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RESULTS AND DISCUSSION 
Format ion of Dibromoiod ine( I I I ) Ca t i on , I B r 2 , in HSO^Cl Solvent 
System 
I t has been found t h a t bromine d i s s o l v e s r e a d i l y 
p roduc ing a brown coloured non-conduc t ing s o l u t i o n in HSO^Cl 
behaving as n o n - e l e c t r o l y t e , A s i m i l a r behav iou r of Br2 has 
139 11 
been r e p o r t e d in H2S0^ and HSOoF . However, i t has been 
5 
r e p o r t e d t h a t I2 and i t s compounds KI and HIO^ produce the 
c a t i o n I^ a s an u l t i m a t e s t a b l e e n t i t y i n HSOoCl. The y - v a l u e s , 
i . e o , the number of moles of SO^Cl" i ons produced i n the s o l u -
t i o n per mole of the so lu t e added, a re 0o35, 1.1 and 0,6 
r e s p e c t i v e l y . I t i s however, s u r p r i z i n g t h a t the a d d i t i o n of 
I 2 i n a s o l u t i o n c o n t a i n i n g Br2 r e s u l t s i n an abnormal ly sharp 
r i s e i n the c o n d u c t i v i t y of the s o l u t i o n when compared wi th t h a t 
observed for i od ine in nea t HSO^Cl. The average observed y -
va lue of the s o l u t i o n i s 1 .76. This s t e ep r i s e in the c o n d u c t i -
v i t y would be due to the i n t e r a c t i o n of Br2 wi th s p e c i e s , I^ in 
the s o l u t i o n . Though the mechanism of the r e a c t i o n i s not c l e a r 
the p o s s i b l e mode of r e a c t i o n may be shown a s below: 
I2 + 2Br2 + 4HSO3CI > 2IBr2 "^  2SO3CI'" + SO2 + H2SO4 + 
2HC1 (69) 
The lowering in the experimentally observed y-'^ l^ue 
(1.76) from that expected from the above equation (69) may 
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e i t h e r be due to i o n - p a i r f o r n a t i o n » » » i n t h e s o l u t i o n 
39 102 
o r due t o s o l v e n t r e p r e s s i o n ' which i s more p r o n o u n c e d a t 
t h e l o w e r c o n c e n t r a t i o n of t h e s o l u t e . I o n _ p a i r f o r m a t i o n i s 
25 
a l s o r e p o r t e d i n HSO-5CI s o l u t i o n of a l k a l i m e t a l h a l i d e s and 
c h l o r o s u l p h a t e s which h a s b e e n a s c r i b e d t o be t h e low d i e l e c t r i c 
C o n s t a n t of t h e s o l v e n t HSO^Cl. 
The U V - v i s i b l e s p e c t r u m of t h e s o l u t i o n I g / B r ^ i n 
HSO^Cl c o n t a i n s two w e l l d e f i n e d maxima c e n t r e d a t 270 and 4 7 0 
nm. I n HSOoCl s o l u t i o n of ICl- , c o n t a i n i n g t h e I C l ^ c a t i o n , an 
a n a l o g u e of IBr^ c a t i o n , h a s been r e p o r t e d t o e x h i b i t t h e 
c h a r a c t e r i s t i c band a t 4 6 0 nm. However, i n H2S2O-7 ' and 
139 + 
HpSO^ , IBro c a t i o n h a s b e e n r e p o r t e d t o show a band a t 360 nm 
w i t h a b r o a d s h o u l d e r a t 540 nm. The band a t 270 nm o b s e r v e d i n 
t h e p r e s e n t c a s e f o r I 2 / B r 2 sys t em in HSO^Cl i n d i c a t e s t h e 
p r e s e n c e of SOp i n t h e s o l u t i o n and , t h e r e f o r e , s u p p o r t s t h e 
above mode of i o n i z a t i o n shown by e q u a t i o n ( 6 9 ) . 
The a d d i t i o n of KI i n t h e s o l u t i o n of Br^ i n HSOoCl 
a l s o r e s u l t s i n an a b n o r m a l l y h i g h c o n d u c t i n g s o l u t i o n 
( Y = 1.B4) wh ich migh t be due t o t h e f o r m a t i o n of t h e s i m i l a r 
I B r ^ c a t i o n . The p o s s i b l e mode of r e a c t i o n may be shown as 
b e l o w : 
KI + Br2 + 4HSO3CI ^ K"*" + I B r 2 + 2SO3CI + 3O2 + H^SC^ + 
2HC1 ( ' 
9i) 
eg 
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The exoerimentally observed y-value i s somewhat lo'ver 
(Y = 1.84) from that exoected (y = 2 .0 , corresoondina to 2 moles 
of SO^Cl" ions) from the above equation ( 7 0 ) , This may be 
explained by giving the reasons as discussed above for the I^ / 
Brp system in HSO^Cl. 
The UV-visible spectra of KI/Br^ system in HSO^Cl too 
exhibi ted two well resolved maxima at 270 and 470 nm. The band 
a t 470 nm i s c h a r a c t e r i s t i c of IBr^ species in the solut ion 
while the band at 270 nm as observed above i nd i ca t e s the presence 
of SOp in the solutiono 
The so lu te HIO- d isso lves quickly in HSO-Cl containing 
0.001 mole of Br_, producing a dark reddish brown coloured highly 
Conducting so lu t ion . The conduct ivi ty of the solut ion remains 
s table for qui te a long time and the average y-^alue of the solu-
t ion i s 0.92o However, the observed y-value of t h i s solut ion i s 
Considerably higher than tha t observed for the so lu te in neat 
HSOoCl (Y = 0.600) . Here too, the abnormal r i s e in the conduct i-
v i t y i s presumably due to the formation of IBr^ cat ion in the 
so lu t ion . The possible mode of reac t ion may be shown as below: 
HIO3 + Br2 + 2HSO3CI > IBr2 + 80301" + H2SO4 + HCl + O2 (71) 
The observed average Y-value of 0.92 i s about 8-/. lower 
from tha t expected (y = 1.0) accordina to equation (71) . The 
lowerino of the observed y-'^'^lue in t h i s cp.se too niay b'- due to 
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similar reasons as described above for the systems I^/Br^ and 
KI/Br2 in HSO3CI. 
5 
The UV-visible spectrum of HIO^ in HSOoCl i s reported 
to exh ib i t two broad humps a t about 410 and 470 nm c h a r a c t e r i s -
t i c of i t c a t i o n . However, these two bands disappear in the UV-
v i s i b l e spectrum of (HIOo + Br^) in HSO^Cl and a new band a t 
363 nm i s observed indica t ing the absence of I^ cat ion in the 
so lu t ion . The 365 nm band i s a r i s ing from a new ca t ionic species 
which i s more l i k e l y the IBrt ca t ion . The band at 270 nm obser-
ved for Ip/Br^ and KI/Br^ systems has however been found absent 
in HIO^Br^ case indica t ing the absence of SO^ in the so lu t ion . 
This i s qu i te convincing in view of the mode of ion iza t ion 
represented by the equation (71) , 
The solut ions of Ip , HIO^ (0 .6I + HIO^) and of I"*" 
5 + 
ca t ion in ( I „ + K^SpOo) are known to produce the I^ ca t ion as 
an ul t imate s table species in HSOoCl, The solute Br2 though a 
non-e lec t ro ly te in HSO^Cl, shows on oxidiz ing behaviour in 
HSO^Cl. I t was considered of i n t e r e s t to examine i f Br2 i s cap-
able of oxidiz ing I-, ca t ion to some other species ( e . g . I2 or I ) 
containing higher oxidation s t a t e of iod ine . In order to check 
t h i s Br^ was added to solut ion of the above system i . e . , I2» 
HIO^ and (O.6I2 + ^^^3) ^"^ of ( I2 + K2S2O0). I t i s surpr iz ing 
tha t in none of the cases any s ign i f i can t chance in conduct ivi ty 
has been observed. I t i s , however, not c l e a r whether i t i s due 
94 
to the inabi l i ty of Br^  to further oxidize the I^ cations in the 
solution or if the iodine cations of higher oxidation states are 
not stable enough to exist in th i s solution independently. 
The successive addition of Br2 in the start ing solu-
t ions containing Ip and HIOo in a specific mole ra t io of 1,J 
HI02= ^ ' ^ exhibited an abnormally sharp r i se in the conductivity 
of the solution. This r i se in the conductivity continues upto a 
mole ra t io ^xJllr&^l'^rr' ^^O which i s evident from the break in 
the curve obtained by plot t ing specific conductance versus mole 
ra t io Br2/2l2+HI0o (Fig. 9) and beyond th i s point there is only 
a small change in the conductivity. About ten sets of such 
experiments were conducted containing different concentration of 
Ip and HIO^ but maintaining the mole ra t io Ip/HIO^= 2.0 as 
s tar t ing solutions. The interpolated conductivity at the mole 
ra t io Br2/2I_+HI0^= 5,0 obtained from these graphs are shown in 
table 13, The average y-value of the end point solution is 
7.60 (responsible for 8 moles of free SO-Cl" ions produced in 
the solution per mole of the solute added). 
The UV-visible spectrum of the solutions exhibited 
absorption maxima at 280 and 425 nm. Character is t ic of the exis-
tence of IBrt cation in the solution. I t i s , however, d i f f icul t 
to visualize the mechanism of the formation of IBrt cation in 
Br„/2Ip+HI0^ solution as the s tar t ing solution contains the 
iodine containing species i t and I(SO^Cl)^ which are 
95 
9 0 r 
Set 6 
Set 5 
Set i. 
X Set 3 
Set 2 
Set 1 
FIG 9 SPECIFIC CONDUCTIVITIES OF DIFFERENT SETS OF B f j / { 2 I 2* HIO3 
SYSTEM IN HSO3CI . 
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Table 13 : I n t e r p o l a t e d s p e c i f i c c o n d u c t i v i t i e s and va lues of 
^yof (58x2/212H-HIO^) system in c h l o r o s u l p h u r i c a c i a 
a t 25°C. 
Molar r a t i o [Br2 / (2 l2+HI02) ]= 5 .00 
Mo Ion 
(WxlO^) 
0.0140 
0.0759 
0.1466 
0 .1817 
0.2375 
0.2619 
Oo2810 
Oc3140 
Spec i f i c Conductance 
(KxlO^ ohm~-'-cm~-'-) 
I0OI8 
2.824 
4 .840 
6 .365 
7.160 
8 c l l 5 
8.397 
9c262 
Value of 
Y 
6»95 
7.42 
7e60 
7.65 
7 .81 
8e00 
8.01 
9S 
undoubtedly involved in the reac t ion , though possibly in a 
complicated way. The stoichiometr ic equat ion for the mode of 
the formation of IBr2 cat ion may be given as following: 
2I2 + HIO3 + 5Br2 + 8HSO3CI >• 5IBr2 + 850301"* + 3H30"*' (72) 
The assignments of the c h a r a c t e r i s t i c bands of the 
e l e c t r o n i c spectrum of IX^ [X= 0 1 , Br and I ] reported in the 
l i t e r a t u r e (Table 14) could be explained using the r e s u l t s based 
151-155 on the molecular o r b i t a l ca l cu la t ions on the molecules 
having same number of valence e l ec t rons e . g . , MX2 [M= S, Se, Te; 
X= F, 0 1 , Br and I ] . This seems reasonable in view of X-ray 
c rys t a l log raph ic repor t s on I0l2Sb0ir and lOltAlCl^ which 
ind ica te t h a t IClt cat ion has a bent s t r uc tu r e s imilar to t ha t 
156 observed for the i soe lec t ron ic molecules l ike TeBr^ and SF^. 
153 The e l e c t r o n i c s t ructure of SF„ was inves t iga t ed by Hay from 
the stand point of generalized valence bond (GVB) method and i t 
was Concluded on the bas is of the computed o r b i t a l energies 
153 using Hartree-Fock ca lcu la t ion tha t HOMO descr ibes the Tt-lone 
pa i r on sulphur atom. 
He 1 PE spec t ra l s tud ies of SF2^^'^*^^^ and SBr2''"^® 
also have confirmed the same conclusion. However, for (0H3)2Te 
the observed bands in the e l ec t ron ic spectrum are charac ter ized 
as those a r i s i n g from [n(Tec- ) >• a * (Te-C) (antibonding) 
^ J-' A 
-, 159 154 
4a,, 3bpJ transition . It is, therefore, quite apparent 
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that in such molecular system the HOMO is always a pure non-
bonding orbital having no contribution from other partners 
while LUMO is an antibonding (c ) molecular orbital. The 
absorption maxima observed in 350-550 nm region for IX2 cation 
(X= CI, Br, I) in various strong acidic protonic solvents 
(Table 14) could reasonably be assigned to that arising from 
HOMO (n^) >-LUMO i^ *i_y) transition. 
CHAPTER - V 
REACTIONS OF TETRAIODONERCURATE ANION WITH HSO3CI; SYNTHESIS 
OF AND PHYSICO-CHEMICAL STUDIES ON I^CHgCSOgCl)^] [M= Cu,K] . 
(Et4N)2[Hg(30301)212] and K2[Hg(S03Cl)^l4_^] (n= 1, 2 and 3) 
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INTRODUCTION 
The ha lo m e t a l l a t e complex an ions of t h e type M2[M X^] 
and M [M X^] [where M = a l k a l i me ta l s or a l k y l ammonium c a t i o n , 
M"^ -^ = H g ( I I ) , P d ( I I ) , Mn(II) e t c . , X= F, CI , Br and I ] a r e q u i t e 
w e l l known and few of t he se have been t ho rough ly i n v e s t i -
ga t ed u s i n g s p e c t r o s c o p i c t echn iques l i k e IR ~ , Raman , 
Ch lo r ine Nuc lear Quadrupole Resonance and Mossbauer s p e c t r o -
171 172 
scopic s t u d i e s * . The compounds of t e t r a n i t r i t o m e t a l l a t e 
complex a n i o n s M(N02)4''''^^ [M= M n ( I I ) , C o ( I I ) , Z n ( I I ) , C d ( I I ) , 
H g ( I I ) ; w i th c a t i o n K , Cs , Me^ N have been p r e p a r e d and 
c h a r a c t e r i z e d by Goodgame and Hitchman ~ 
A rev iew on n i t r a t o and o x y n i t r a t o complexes formed by 
l a n t h a n i d e s and a c t i n i d e s i n t h e i r d i f f e r e n t o x i d a t i o n s t a t e , 
which i n c l u d e s compounds of the types M2M''"'''"'"(N02)5.XH20 [M = 
La, Ce, P r , Nd; M-'-= Na, K, Rb, Cs, T l , NH^, Ph^P; X= l (Na, K), 
2(Cs) o r 4(Rb, Cs, NH^)]; M V ^ ( N 0 3 ) 5 . X H 2 0 [M-'-^= Th; U?-= Na, K, 
MeNHg, (Me)2NH2, EtNH3 and (Et2)NH2]; M 2 V ^ ( N 0 3 ) ^ [M-'-^ = Ce, Th, 
U, Pu; M -^^ = Mn, Zn, Co, Ni and Mg]; WlVCNOg)^ [M^= Pa; M-'-= Cs, 
Et^N and Me^N]; and M V - ^ 0 2 ( N 0 3 ) 4 [M^-'-= U , Np and Pu; M-'-= K, Rb, 
Cs , Et^N, NEjt2H2 and Me4N] has r e c e n t l y appeared-"-*^^'1^°. 
The p r e p a r a t i o n of K2M( 304)2 ^^~ ^^* ^^"^ ^^^ •^'•®° been 
181 
r e p o r t e d , A few t e r n a r y f l u o r o s u l p h a t e s of i r i d ium( IV) namely 
( C 1 0 2 ) 2 [ l r ( S 0 3 F ) ^ ] , C s 2 [ l r ( 3 6 3 ? ) ^ ] and Ba[Ir(SOgP)^] have been 
103 
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reported and characterized on the basis of i.r. spectral 
studies and magnetic susceptih^ility measurements. The mixed 
valence compounds of the composition Ag^CsOoF)^ and its potassium 
analogue K2Ag-^^(S03F)4, the compounds Ag-'--'-pt(S03F)^  and Ag-^-'^Sn"'-^  
183 
(SO^F)^; and the complex [Ag(0P)2(SO3F)2] have also been reported 
and studied on the basis of vibrational, electronic and diffuse 
reflectance, and ESR spectra 3S well as magnetic susceptibility 
measurements. 
A number of alkali inetal tetrachlorosulphatometallate 
complexes with the empirical formula M [M (50301)4] [M = alkali 
metals; M-'--'--'-= B, Al and Ga] have been synthesized^ "^ by either 
an addition reaction of sulphuric acid anhydride or by utiliza-
tion of solvolytic reaction of chlorosulphuric acid on the 
corresponding tetrachlorometaJ-lates, M [M Cl^]. The alkaline 
earth metal salts of the type M[A1(S03C1)4]2, where M= Ca, Sr or 
Ba have also been prepared by reacting M[A1C14]2 with chlorosul-
phuric acid^ "*. The characteristic frequencies of 50301" moiety 
have been investigated by i.r* and Raman techniques and the 
relative disposition of the 50301" groups in the complex anion 
have been ascertained on the basis of crystal structure of 
K[ 8(50301)4]^*^^, 
The preparation and characterization of complex 
chlorosulphatometallates of heavier transition metal i.e., 
Na2[Pd(50301)^] and Na2[lr(SOgOl)^] have been reported from 
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t h i s l a b o r a t o r y . In t h i s chapter the synthes is and cha rac te r -
i z a t i on of M[Hg(50301)4] [M= K, Cu], (Et4N)2[Hg(30301)2X2] and 
K2[Hg(S03Cl)^l4_^] [n= 1, 2 and 3] have been described. 
Reagents, Pu r i f i ca t i on and Preparat ion of S t a r t i n g Mater ia ls and 
the T i t l e Compounds 
Reagents 
Pure chlorosulphuric acid (Riedel) was used as such; 
Hgl^, Et.NI, CuSO^-SH^O and KI all commercially pure samples 
were used after recrystallization. The solvents diethyl ether, 
184 DMSO, CHpClp, hexane and acetonitrile were used after drying 
Starting Materials 
T O R 
Prepara t ion of Potassium Tet ra iodomercura te ( I I ) , K2HgI. 
Potassium iodide (0.0674 mol) and mercuric iodide 
(0,0330 mol) were dissolved in 3 ml of hot water in a beaker 
which was placed in such a pos i t ion so as to provide the maxi-
mum surface for evaporation of water. The s a l t c r y s t a l l i z e s out 
i n the form of yellow needles having composition KHgl3.H20. The 
desired s a l t K2Hgl4 without water of c r y s t a l l i z a t i o n i s obtained 
when these yellow needles were t rea ted with acetone between 34 
to 56°C. 
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184 P r e p a r a t i o n of Copper ( I ) T e t r a i o d o m e r c u r a t e C I I ) , Cu^Hgl. 
A s o l u t i o n of 4 . 5 gm of Hgig and 3 , 3 gm of KI i n 25 ml 
of H2O was f i l t e r e d and t r e a t e d with a s o l u t i o n of CUSO4.5H2O i n 
15 ml of H2O. Af te r t h i s SO^ was i n t roduced wi th the s o l u t i o n . 
The r e s u l t a n t b r i g h t - r e d p r e c i p i t a t e was s u c t i o n f i l t e r e d , 
washed wi th H^O, and d r i e d a t 100°C. 
P r e p a r a t i o n of Copper ( I ) T e t r a c h l o r o s u l p h a t o m e r c u r a t e ( I I ) , 
CUgCHgC30301)^], I 
S o l i d Cu2Hgl4 (0 ,9340 gm or 0 . 1 Mol) was p laced in a 
r e a c t i o n f l a s k and c h l o r o s u l p h u r i c ac id was added in excess 
('•^15 ml) a t room tempera ture wi th magnetic s t i r r i n g , A v i g o -
r o u s exothermic r e a c t i o n took p lace wi th e v o l u t i o n of v i o l e t 
fumes. The r e a c t i o n mixture was f i l t e r e d o f f through s i n t e r e d 
g l a s s under n i t r o g e n , washed wi th HSO^Cl, and f i n a l l y with 
t h i o n y l c h l o r i d e and then d r i e d in vacuo a t 60°C to a c o n s t a n t 
weigh t m.p . 300°C, y i e l d 80^ , based on Cu2HgI.o 
P r e p a r a t i o n of Te t r ae thy lammoniumdi iodob i sch lo rosu lpha to -
m e r c u r a t e ( I I ) , (Et4N)2[Hg(30301)212], I I 
Tetraethylammoniumiodide( 1.285 gm or 0,005 Mol) was 
r e a c t e d wi th 1.9688 gm (0 .0025 A'.ol) of I suspended in 25 ml 
d ich lo romethane and s t i r r e d for about 4 h o u r s . The wine red 
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coloured so lu t ion was f i l t e r e d off leaving behind some colour-
l e s s r e s i d u e . The solut ion was then mixed with hexane and kept 
at^^^ 10°C for a week. Dark brown hexagonal c r y s t a l s appeared 
along with some d i r t y white powdery mass s e t t l e d a t the bottom. 
The c r y s t a l s were co l lec ted and again r e c r y s t a l l i z e d in the same 
manner. The r e c r y s t a l l i z e d mater ia l melts a t 135°C (y ie ld lOyi 
based on I ) . 
The white amorphous so l id was washed several times 
with CH2CI2 and vacuum dr ied . The compound was analysed for 
CuCSO^Cl)^,. Anal: observed for CuS20gCl2: Cu, 35.12; S, 17.8; 
CI, 19.90; Required: Cu, 35.39; S, 17.97; CI , 19.94, r e spec t -
ivelyo 
Prepara t ion of Potassium iodochlorosulphatomercurate(II) 
K2[Hg(S03Cl)^l4_^] [n= 1, 2, 3 and 4 ; VI, V, IV and I I I ] 
For K2[Hg(S03Cl)4], I I I , so l id K2Hgl4 (0.7860 gm or 
0.001 Mol) was mixed with excess of frozen HSOoCl. The r eac t ion 
mixture was slowly brough to room temperature with continuous 
magnetic s t i r r i n g . The r e s u l t i n g dark red so lu t ion was poured 
drop wise in c h i l l e d dry e ther in a c losed ve s se l when a colour-
l e s s so l id separa ted . The so lu t ion was decanted and sol id was 
repea tedly washed with e ther u n t i l i t was colour f r ee . The sol id 
was vacuum dr ied , m.p.l97°C, y ie ld 70^ based on K2Hgl4. 
ni 
However, IV, V and VI were prepared by mixing K2HgI. 
with frozen HSOoCl in 1:3, 1:2 and 1:1 molar r a t i o r e spec t ive ly 
and the r eac t ion mixture was allowed to warm upto room tempera-
ture with Continuous s t i r r i n g giving brownish yellow coloured 
solutionso These solut ions were poured dropwise to ch i l l ed ether 
sepa ra t e ly , y ie ld ing sol id compounds which were i s o l a t e d in the 
manner described above for I I I (m.ps . , IV d. 298-300°C, V d. 253-
255°C, VI d. 232-235°C, y ie ld 7 0 / , 70 / , 8 0 / , respec t ive ly)» 
Analysis 
The results of C, H, N analysis were directly obtained 
from microanalytical laboratory of I.I.T., Kanpur whereas Cu, Hg, 
S, CI and I were determined by established methods * . The 
i.r. spectrum (4000-250 cm" ) were recorded as Nujol mulls using 
Perkin Elmer Model 621 spectrophotometer. Electrical conductivitv 
-3 
was measured as 10 M solution in DMSO or CH-^ CN using a Systronic 
Bridge Model 302 thermostatted at 25+0.1°C. The electronic 
spectra were recorded in DMSO and CH^CN using PYE Unicam 8800 
spectrophotometer. 
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RESULTS AND DISCUSSION 
Potass ium t e t r a c h l o r o s u l p h a t o m e r c u r a t e ( I I ) , 
KpEHgCSO^Cl).](Il l) and c o p p e r ( I ) t e t r a c h l o r o s u l p h a t o m e r c u r a t e -
( I I ) , Cu2[Hg(S02Cl ) . ] ( I ) have been s y n t h e s i z e d by c a r r y i n g ou t 
s o l v o l y t i c r e a c t i o n s of HSOoCl on t h e i r c o r r e s p o n d i n g t e t r a i o d o -
mercu ra t e s where HSOoCl s e r v e s a s the r e a c t i o n medium t o o . The 
format ion of t h e s e compounds may be shown by the fo l lowing 
r e a c t i o n ; 
MgHgl^ -I- 4HSO3CI > M2[Hg(S03Cl)4] + 4HI 
2HI + 2HSO3CI ^ H2SO4 + 2HC1 + I2 + SO2 (73) 
(M= K, Cu) 
Reac t i on of Cu2[Hg(S03Cl)4] w i th te t raethylammonium-
i o d i d e in d ichloromethane where both the r e a c t a n t s are s e p a r a -
t e l y i n s o l u b l e , produces a wine r ed co lou red s o l u t i o n . I t was 
a n t i c i p a t e d to ge t the rep lacement of cuprous ion by bulky 
c a t i o n Et^ N"*" wi th formation of Cu(I ) i o d i d e . I t i s noteworthy 
t h a t i n t h i s r e a c t i o n the f i n a l p r o d u c t s o b t a i n e d have been 
c h a r a c t e r i z e d as (Et4N)2[Hg(S03Cl)2 l2] / I a^ci (CuS03Cl)^, but 
on ly I I i s s o l u b l e in CH2CI2 g i v i n g dark brown s o l u t i o n . I t 
i m p l i e s t h a t du r ing the course of r e a c t i o n i n a d d i t i o n to the 
exchange of the c a t i o n , e q u i v a l e n t anion r ep lacemen t a l so t akes 
p l ace which may r easonab ly be due to so f t n a t u r e of iodide 
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ion ~ , The r e a c t i o n may be g iven by the fo l lowing 
e q u a t i o n : 
Cu2[Hg(30301)4] + ant^NI > (Et4N)2[Hg(50301)212] + 
(OuS030l)^ (74) 
The compounds K2[Hg(S03Cl)^l4_j^] [n= 1, 2 and 3] have 
been prepared by reacting stoichiometric amounts of K2HgI. with 
HSO3OI in the molar ratios 1:1, 1:2 and 1:3. The above reactions 
affords the isolation of the compounds VI, V and IV respectively 
where HSO3CI effectively displaces the equivalent iodine atoms 
as shown in the following reaction: 
K2Hgl4 + nHS03Cl > ^ t"9^2'^3^^^n-^4-n^ "*" "^ "^  "^^ ^^  
(n= 1, 2 and 3) 
A number of c o n d u c t i v i t y measurement s t u d i e s of the 
189 
e l e c t r o l y t e s have been r e p o r t e d in DMSO and a c e t o n i t r i l e 
owing to the f a c t t h a t t h e i r d i e l e c t r i c c o n s t a n t s a re s u f f i c i -
e n t l y enough to suppor t i o n i c d i s s o c i a t i o n . The observed magni-
2 - 1 - 1 t u d e s of the molar c o n d u c t i v i t y i n the range 140-250 cm ohm mol 
measured in DMSO for I I I , IV, V and VI and in CH3CN for I and I I 
(Table 15) sugges t t he se compounds to be s t rong t y o i c a l 2 : 1 
e l e c t r o l y t e s s i m i l a r to t h ^ t reoorted^'^*^^ for o t h e r 2 : 1 
e l e c t r o l y t e s in the s o l v e n t s . 
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The bands observed in the i . r . spectra of these comp-
ounds (Table 16) may be assigned in terms of s ix fundamental 
bands ^ ^ ( A ) . ^^^A), V^{A), ^ ^(E) . V ^ C E ) and "^^(E) of which 
E modes are doubly degenerate . The frequencies corresponding to 
these bands have been found to be quite comparable to those of 
covalent ly bonded chlorosulphate group with C symmetry. However, 
the pos i t ions of a few fundamental mo^es of v ib ra t i on p a r t i c u l a r l y 
the characteri<5tic \ ) , ( A ) mode have been found to be p o s i t i v e l y 
20 shif ted as compared to t ha t of ionic chlorosulphate group with 
C -^- symmetry. The above statements suqgest t h a t the SOoCl" group 
+2 in these compounds i s covalent ly bonded to the Hg ion in 
complex anions, [Hg(S03Cl)^l4__^]~ (where n= 1, 2 , 3 and 4 ) . The 
+2 d i spos i t ion of these anions around the Hg ion may be most 
^"^^ — IJA 190 l i k e l y t e t r a h e d r a l as reported by Goodgame e t a l . ' for 
K2[Hg(N02)4N0] in which there are four che la t ing NO2 groups 
+2 surrounding the Hg ion in aporoximately t e t r a h e d r a l a r ray . The 
191 c h a r a c t e r i s t i c frequencies for (Hg-I) bond expected a t 
^^120 cm" region could not be recorded as i t occurs beyond the 
range of instrument used. 
I t has been repor ted tha t the two bands genera l ly 
observed in the UV-region (250-300 nm) for t r a n s i t i o n metal 
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chlorosulphates are due to the charge t r a n s f e r as v;ell as the 
n -> a t r a n s i t i o n s of SO^Cl group i r r e s p e c t i v e of t h e i r 
geometry. Of the various approaches l a id down by several v;orkers 
to account for the e l ec t ron ic spectra of molf=>cules l ike MnOT, 
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CrO^", CoCl" and ClOj (Td symmetry) e t c . , the LCAO-MO schemes 
1Q2 proposed by Wolfsberg and Helmholtz ^ i s considered the most 
use fu l . In view of these r epor t s i t may be proposed tha t the 
lowest energy band of [HgCSO-Cl).]" anion (Table 16) c o r r e s -
ponds to the t r a n s i t i o n , HOMO which i s h ighest occupied mole-
cu la r o r b i t a l , f i l l e d non bonding (n) o r b i t a l > LUMO which i s 
lowest unoccupied molecular o r b i t a l , un f i l l ed antibonding (TC ) 
193 o r b i t a l . The p o s s i b i l i t y of a Jahn-Tel ler d i s t o r t i o n in the 
molecule could not be ruled out as the spectrum contains c lose ly 
194 spaced bands in the UV-region. The re f l ec tance spectrum of 
K^Hgl. obtained by mixing Hgl2 and KI in appropr ia te molar r a t i o 
in MgO and the e lec t ron ic spectra"'-®®*-'-^-'- of K2Hgl4 and KHgl2.H20 
are s imi la r showing maxima a t 270 and 320 nm suggested to be 
192,195 
c h a r a c t e r i s t i c of a t e t r ahedra l geometry of the complex anions 
Though the exact nature of the t r a n s i t i o n s respons ib le for these 
bands could not be ascer ta ined unequivocally, these were cons i -
dered to be due to promotion of a non bonding e l ec t ron to the 
196 two ava i l ab le unf i l l ed o r b i t a l s . I t has been indica ted tha t 
the s u b s t i t u t i o n of halogen for oxygen atoms in CrO^ ( i . e . , 
CrOgF, CrOoCl, Cr02Cl2) s h i f t s absorption a t longer wave length 
suggesting t h a t [HgCSO^Cl).]~ anion too would exh ib i t a s imilar 
red sh i f t on s u b s t i t u t i n g iodine atoms in place of SOoCl" group. 
However, no such information i s revealed in the e l ec t ron ic 
spectra of (Et4N)2[Hg(50301)212]» K2[Hg( 30301)31] and 
K2[Hg(50301)212] ra the r the band occurring in the v i s i b l e region 
of Cu2[Hg(50301)4] and K2[Hg(503Cl)4] does not appear in the 
former c a s e s . 
CHAPTER - VI 
COORDINATING BEHAVIOUR OF 3030!" ANION; SYNTHESIS AND CHARACTER-
IZATION OF VANADIUM(V) OXIDE TRICHLOROSULPHATE AND ITS COMPLEXES 
WITH TPP AND Bipy 
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INTRODUCTION 
Stable vanadium(V) oxide derivatives of the type VOX-
(X= F, CI, Br and NO" ) are known-'-^ '^ "^ ^^ . The i.r. and Raman 
spectroscopic studies on vanadium(V) oxide trinitrate have indi-
cated that nitrate anion is coordinated in such a manner as to 
make vanadium a hepta coordinate species. The adduct of VOCNO^)-, 
with acetonitrile i.e., V0(N03) .CH^CN has been reported^^"^*^^ 
to be a monomer and the acetonitrile coordination does not hamper 
the hepta coordination around the vanadium rather the coordinated 
V-0 bond in one of the nitrate groups is set free providing a 
site for acetonitrile coordination. Hepta coordination around 
vanadium with one monodentate nitrate ligand was further confir-
20Q 210 
med by crystal and molecular structure » of this adduct. The 
bidentate coordination of NO^ group has also been reported for a 
variety of transition and non-transition metals in their higher 
oxidation states, e.g., Ti{no^)^'^'^, Co(N03)3^°^ and Sn(N03)4^°^. 
In earlier chapters the coordinating ability of 30301" 
group as a uni-, bi- or tridentate ligand towards transition, 
postransition metals and rare earth metals in their chlorosul-
47-50 
phates as well as in their complexes has been reviewed • 
It was considered of interest to prepare the vanadium(V) oxide 
trichlorosulphate if formed as a stable entity. The present work 
deals with the preparation and characterization of vanadium oxide 
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trichlorosulphate, VOlSO^Cl)^ and its adducts with triphenyl 
phosphine and bipyridine ligands in order to investigate the 
nature of bonding of SO^Cl" group in these compounds and the 
effect of coordination of a strong donor on the nature of bind-
ing of SO^Cl" groupo 
Reagents used, purification and the preparation of the Title 
Compounds 
Reagents 
Pure chlorosulphuric acid (Riedel), triphenyl phos-
phine (BDH) and 2,2'-bipyridine (E. Merck) were used as received, 
Purification of the solvents used 
Diethyl ether-*-^ "^  
Ether was shaken in a large separatory funnel with 
10-20 ml of i r o n ( I I ) sulphate solut ion d i lu t ed with 100 ml of 
water. Ether free from aqueous solut ion was taken in a c lean 
dry b o t t l e to which 100-200 gm of anhydrous calcium chlor ide was 
added and allowed to stand for 24 hours with occasional shaking. 
Water and ethanol were l a rge ly removed during t h i s per iod. This 
was then f i l t e r e d into another clean dry b o t t l e . Fine sodium 
wire was then introduced in to the e the r . The absolute d ie thy l 
e the r thus prepared was su i tab le for use. 
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184 Dichloromethane (methylene c h l o r i d e , CH2CI2) 
Commercial grade CH2CI2 was p u r i f i e d by washing wi th 
5 per c e n t sodium ca rbona te s o l u t i o n , fo l lowed by w a t e r , d r i e d 
over anhydrous ca lc ium c h l o r i d e , then r e f l u x e d over P4O,-. and 
d i s t i l l e d c o l l e c t i n g a t 40-41°C was used . 
Dimethyl su lphoxide (IMSO)-'-^'^ 
Commercial grade DMSO was d r i e d by s t a n d i n g o v e r n i g h t 
over f r e s h l y a c t i v a t e d a lumina . The f i l t e r e d s o l u t i o n was then 
f r a c t i o n a l l y d i s t i l l e d over ca lc ium hydr ide under reduced 
p r e s s u r e and s t o r e d over a Type 4A molecu la r s i e v e . 
P r e p a r a t i o n of vanadium(V) oxide t r i c h l o r o s u l p h a t e , VoCSO^Cl)^ 
Sodium metavanada te , 0,6046 gm (5 m Mol) was c a r e f u l l y 
d i s s o l v e d in 5 ml HSO3CI under n i t r o g e n a tmosphere , forming a 
deep red-brown syrupy l i q u i d . This was poured in an exces s of 
c h i l l e d dry e t h e r drop by drop in absence of a i r wi th con t inuous 
slow s t i r r i n g and the t empera tu re was ma in t a ined below 0 C, A 
l i g h t g reen s o l i d s e t t l e d down which was f i l t e r e d and d r i e d in 
vacuo . Th i s p roduc t i s hygroscopic i n n a t u r e , m.pcl95-200 C 
( s e a l e d t u b e ) , y i e l d approx . 80><. 
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Prepara t ion of vanadium(V) oxide t r i ch lo rosu lpha t e - t r i pheny l -
phosphine complex, V0(SO3CI)^TPP 
A s lu r ry of NaVO^ (0.6046 gm) in 5 ml of HSO3CI of 
1.3115 gm (5 ml Mol) of TPP dissolved in 20 ml CH2CI2 with 
continuous s t i r r i n g a t room temperature for about two hours. 
The so lu t ion was f i l t e r e d through s in tered g lass f r i t to remove 
the impurity and then with 40 ml n-hexane and kept for a week 
a t 5°C. This gave black thick o i l y product which was washed 
several times with dry e ther changing i t in to powdery ma te r i a l , 
m.p.l35 Co 
Prepara t ion of vanadium(V) oxide t r i ch lo rosu lpha te -b ipyr id ine 
complex, V0(S03Cl)3Bipy 
I t was prepared in the same manner as V0(S02C1)3TPP 
by taking NaVOg (0.6046 gm) and 0.3904 gm (2 .5 m Mol) bipyr idine 
in 20 ml CH^Clp. In t h i s case too the black th ick o i ly mass was 
obtained which a f t e r repeated washings with e ther gave dark grey 
powder. 
Analysis 
The elements chlorine and sulphur were estimated by 
usual gravimetric methods while metals were estimated by 
titration using Eriochrome Black T as an indicator . The 
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elemental analyses for C, H and N were done in the micro-
analytical laboratory of I.I.T., Kanpuro 
Instrumentation 
Magnetic susceptibility was recorded on a G»OUy balance 
~3 
and the electrical conductivity of 10 M solution in DMSO was 
measured on a Systronic Conductivity Bridge Model 302 at room 
temperature. The electronic spectrum was recorded on Pye Unicam 
8800 spectrophotometer. Infrared spectra were recorded on a 
Perkin Elmer 621 spectrophotometer as Nujol mulls, contained in 
envelope cell of thin polyethylene film sealed from all sides. 
All manipulations were done in a dry nitrogen atmosphere. 
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RESULTS AND DISCUSSION 
The i . r . s p e c t r a of VOCSO-Cl)- and of i t s adduc t s were 
examined for a s c e r t a i n i n g t h e mode of c o o r d i n a t i o n of S0-C1~ 
group as we l l a s of l i g a n d s t o the vanadium. The i . r o s p e c t r a 
e x h i b i t bands (Table 17) c h a r a c t e r i s t i c of SO^Cl" group compa t i -
b l e with a Cs symmetry obse rved i n s e v e r a l complexes r e p o r t e d 
e a r l i e r o I n t h e s e compounds the SO^Cl" group i s known to behave 
a s u n i - , b i - and t r i d e n t a t e c o o r d i n a t i n g l i g a n d to the c o r r e s -
ponding meta l iono The i o r . bands (n ine fundamental modes) were 
compared wi th the bands r e p o r t e d for the SO^Cl" group in CsSO^Cl 
having a C^^ symmetryo The p o s i t i o n of \ ) i ( A ) band i s found to 
- 20 
be p o s i t i v e l y s h i f t e d a s compared to f ree SOoCl group s u g g e s t -
ing a c o n s i d e r a b l e c a t i o n - a n i o n i n t e r a c t i o n l e a d i n g to a c o v a l e n t 
bonding. The s p l i t t i n g of ^ ) 4 ( E ) , ^ ^ ( E ) and \ ) ^(E) bands f u r t h e r 
c o r r o b o r a t e s the c o v a l e n t bonding of SO^Cl" g roup . A s t rong 
i n t e n s i t y band a t 1015 cm"" i s c h a r a c t e r i s t i c of V=0 s t r e t c h i n g 
v i b r a t i o n i n VO(SOoCl)^ which i s found to be n e g a t i v e l y s h i f t e d 
(15-20 cm" ) i n i t s adduc t s due to lower ing of V=0 bond o r d e r . 
I n adduc t s of VOX3 (X= F, C I , Br) too the V (V=0) band i s nega-
t i v e l y s h i f t e d a s compared to VOXo. I t i s ve ry impor tan t t o note 
t h a t a medium to s t rong i n t e n s i t y band a t 430 cm" i s a l s o o b s e r -
ved which can be a s s igned to "V(VOp) v i b r a t i o n s i m i l a r to t h a t 
r e p o r t e d for V0(N0-3)o, h e n c e f o r t h , conf i rming the b i d e n t a t e 
SO^Cl" group in 70(50301)3 . The adduc t s V0(S03C1)3TPP and 
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V0(S03Cl)2Bipy exh ib i t bands c h a r a c t e r i s t i c of the t r i pheny l -
phosphine and bipyr idine l igands . A strong band at 525 cm" 
assigned to V (V-P) s t re tch ing mode have been observed in 
VOCSO^CI)^!?? in addi t ion to other c h a r a c t e r i s t i c bands of t r i -
phenylphosphine. However, in analogous b ipyr id ine complex^(V-N) 
s t r e t ch ing frequency could not be ascer ta ined with c e r t a i n t i t y 
as other fundamental v ib ra t ions do occur in t h i s region. 
The low e l e c t r i c a l conduct ivi ty values (Table 13) 
65 
confirm the non-e l ec t ro ly t i c nature of these compounds and 
simultaneously fur ther suppbrt the covalent mode of linkage of 
SO^Cl" group in l ine with the ior« f ind ings . The magnetic 
s u s c e p t i b i l i t y measurement s tud ies indica te the diamagnetic 
nature confirming the pentavalent oxidat ion s t a t e of vanadium 
in these compounds. 
The e l ec t ron ic spectrum of VOCSOoCl)^ in DMSO shows 
a s ingle strong absorption band centred a t 275 nm and for the 
adducts an add i t iona l band between 330-350 nm was observed which 
i s presumably due to charge- t rans fe r from the coordinated SOgCl" 
group and l igand r e spec t ive ly . 
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